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The new Sky-Watcher EXPLORER-PDS Advanced range of Parabolic Newtonian Reflectors incorporate the same 
superb mirror-sets* as the Explorer-P Black Diamond Series, but with two significant advantages. A Dual-Speed 
10:1 ratio focuser is now included for excellent focusing precision. Also the tube length has been slightly shortened 
to optimise their performance for prime-focus photography. Even better performance for astro-photography and 
visual use can be achieved when used in combination with Sky-Watcher's Newtonian coma corrector (Prod.Code 20233) 
"Note: the Explorer-200PDS has a larger 56mm secondary mirror, for enhanced feild illumination, compared to the Explarer-200P which has a 52mm secondary 
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| all feature 0.5mm Ultra-Thin Secondary 
mt Mirror Supports to reduce diffraction 
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spherical aberration, producing siarp, 
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Astronomical Telescopes, Helios, Acuter, 
Barr and Stroud Binoculars & Spotting Scopes 
and ‘Zenith’ Microscopes. 





) Discover the wonders of the universe 


_. As I write this, 
ae the very first 
detection of 
gravitational 
» waves has been 
announced. 
Picked up by the Advanced LIGO 
detectors based in Louisiana and 
Washington, the discovery has sent 
shockwaves through the science 
community. Now that we've found 
these ripples in the fabric of space- 
time, we can finally confirm that 
Albert Einstein, who predicted their 
existence 100 years ago with his 
theory of general relativity, was 
right. Offering a new window on the 
universe, we find out what we can 
hope to unravel about the cosmos 
over on page 12. It’s really an exciting 
time for science. 

Elsewhere in the issue, we meet the 
scientists hoping to prove a theory 
backed by another great scientific 
mind - Stephen Hawking. Could the 
universe really be a hologram as he 
believes? We head over to CERN to 
discover more about the Holometer, 


Keep up to date 


www.spaceanswers.com 


an experiment that was built in an 
attempt to answer such a question. 
The universe may be much stranger 
than it appears according to the 
physicists behind it. 

If you've ever wondered what it's 
like to fly on Titan just by flapping 
your arms, ski on the surface of icy 
moon Enceladus or walk on a neutron 
star Gf you were immortal, of course!), 
then you've come to the right place - 
we find out what you'd see and feel in 
11 out-of-this-world space experiences, 
before uncovering if you could stake 
claim on an acre of Martian or lunar 
land when there are space laws in 
force. We also had the pleasure of 
chatting to comedian and physicist 
Ben Miller about his new book The 
Aliens Are Coming! and his thoughts 
on intelligent life elsewhere in the 
universe. Enjoy the issue! 
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Gemma Lavender 
Deputy Editor 
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Colin Stuart 


m@ is theuniversea 
hologram? Colin speaks 
to the experts at CERN, 
» whoare trying to find out if 
the cosmos really is much 
stranger than it appears. 


Giles Sparrow 
2 m t's been ten years 
since NASA‘s Mars 
Reconnaissance Orbiter 
reached the Red Planet. 
ye: Giles highlights the very 
best moments of the mission so far. 


Laura Mears 
m Ever wondered what 
it's like to skionicy moon 
Enceladus or walk ona 
neutron star? Find out 
from Laura on page 38. 


Christopher Newman 
m Lecturer in space law 
Christopher tells us about 
* the Outer Space Treaty 
and whether we can own 
Pan ‘Wa landonanother planet. 


Facebook 
/AllAboutSpaceMagazine 


February saw the announcement 
of a massive breakthrough - the 
detection of gravitational waves 


“With this 
discovery, we 
humans are 
embarking on 
a marvellous 
new quest to 
explore the 
warped side of 
the universe” 


Kip Thorne, theoretical 
physicist, Caltech [page 12] 
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“There's a chance of finding bacterial 


life on Mars. I can imagine the 
chances are pretty good of finding it 
elsewhere in the Solar System, [too]" 
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Your complete guide to the 
Sm: night sky 
What's in the sky? 


Our pick of the must-see night sky 
sights this March 
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planets 
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yEdlS Rue ay best views of the Solar System 
How to... Track 
Jupiter's moons 
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tutorial and track Jupiter's moons 


Moon tour 

The elusive lunar sea Mare 
Humboldtianum, is a must-see 
feature of the Moon this month 


Naked eye & 
binocular targets 
Enjoy the night skies of spring 
without the need of a telescope 


How to... Image the 
total solar eclipse 
Observing March 2016's total 

solar eclipse? Take our tutorial for 
spectacular shots 


Deep sky 
challenge 

Spring brings a gaggle of galaxies 
in Leo for telescope users to enjoy 
The Northern 
Hemisphere 

Enjoy a menagerie of objects in 
the spring heavens 


Me & My 
Telescope 

We feature more of your 
fantastic astrophotographs 
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98 Heroes of Space Astronomy 
James Wetherbee, commander Vital kit for astronomers 
of five Space Shuttle missions and space fans 
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Our experts solve your space 
conundrums this issue 
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super Guppy 
gives Mars-bound 
Orion a lift 


NASA handled a special delivery last month - the 
Orion capsule, a spacecraft designed to bring 
humans to Mars, which is due to begin its next 
phase of development at the Kennedy Space 
Center. In order to carry Orion from New Orleans — 
to Cape Canaveral, the American space agency 
recruited their Super Guppy aircraft due to its 7.6- 
metre (25-foot) tall, 7.66-metre (25-foot) wide and 
33.8-metre (111-foot) long cargo area. The aircraft 
also has a hinged nose that can open more than 
200 degrees, which allowed the Orion spacecraft to 
be loaded and unloaded from the front. 
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Saturn and Dione 
strike a pose 


Captured by NASA’s Cassini spacecraft, soft, bright and 

dark bands can be seen in the atmosphere of the ringed 

giant Saturn - features that are the signature of methane. 

The dark stripes are regions where light travels deeper 

into the atmosphere before reflecting and scattering off 

clouds and travelling back out into space. en ; 
The moon Dione, which is 1,123 kilometres (698 miles) = —. 

across, hangs below Saturn's rings at the right of the 

image. The gas giant's rings are also visible, casting a 

shadow onto the planet's southern hemisphere. 


celebrities af the Milky Way. The stars were 
snap ped by the Hubble Space Telescope and 
to the glittering star cluster Trumpler 
Py: - | : . # ________ 14. Located about 8,000 light years away 
‘ _ ae PLP oS ae), ae ‘ * = from Earth in the Carina Nebula, Trumpler 
: aa | : aI - : a huge star-forming region that is 
ively young at just 500,000 years old. 
IX: tis still a fairly young region, it has one 
the highest concentrations of massive, 
ous sti Bitibentret, of our galaxy. 
ry ikely that the stars will go out ina 
1, using up their fuel and exploding as’ - 
err ovae, causing blast waves that will 
t he formation of a new generation in 
going cycle of star birth and star death. 
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James Webb gets — 
its final mirror = 


Within a massive clean room at NASA‘s Goddard 
Space Flight Center in Greenbelt, Maryland, the s 
team behind the construction of the James Webb 


Space Telescope (JWST) used a robotic arm to install | 
the last of the telescope's 18 mirrors. | 


Tipped as the scientific successor to NASA's — 
Hubble Space Telescope, the JWST will be the Te 
most powerful space telescope ever built. James | 
Webb will study the many phases in the history of : 7 a 


our universe, including the formation of planetary 

systems capable of supporting life on Earth-like 
=} planets. It is scheduled to launch in 2018 from 
| French Guiana, on board an Ariane 5 rocket. 
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A fiery galactic 
neighbour 


Dust clouds can be seen rippling across this 
infrared portrait of the Milky Way's satellite 
galaxy, the Large Magellanic Cloud. Produced 
by the combined efforts of the Herschel Space 
Observatory and the Spitzer Space Telescope, 
dust clouds seem to dominate the dwarf galaxy 
and indicate the birth of new stars. Blue hues 
from Spitzer show warm dust heated by young 
stars, while the red and green shades show up 
the cooler and intermediate regions where star 
formation is just beginning or has stopped. Just 
160,000 light years away from us, the Large 
Magellanic Cloud is 14,000 light years across. 
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Gravitational waves 
detected for the 
very first time 


A century after its publication, Einstein's general theory of relativity is finally 
made whole as the LIGO observatories make a scientific breakthrough 


First predicted in Albert Einstein's 
seminal general theory of relativity in 
1915, and sought after throughout the 
decades that followed, the existence 

of gravitational waves has finally been 
proven. The discovery not only verifies 
such waves are produced when two 
black holes collide, but it provides us 
with an unprecedented glimpse into the 
fabric of the cosmos itself. 

The discovery, revealed during a 
live press conference last month, was 
actually made on the 14 September 
2015 at 9.5lam UTC by the twin Laser 
Interferometer Gravitational-wave 
Observatories’ (LIGO) detectors, located 
in Livingston, Louisiana and Hanford, 
Washington. Cofounded in 1992 by 
theoretical and experimental physicists 
Kip Thorne, Reiner Weiss and Ronald 
Drever, the two sites had completed 
a five-year-long, $250 million (£172.5 
million) overhaul just before the 
incredible detection was made. 

Taking place a staggering 1.3 billion 
years ago, the collision detected by the 
LIGO sites was comprised of two black 
holes 29 and 36 times the size of the 
Sun, with the colossal union generating 
gravitational energy three times the 
mass of our star. The waves were first 
detected at Livingston, before the same 
waves were picked up at the Hanford 
observatory just seven milliseconds later. 


“Our observation of gravitational 
waves accomplishes an ambitious goal, 
set out over five decades ago, to directly 
detect this elusive phenomenon and 
better understand the universe, and, 
fittingly, fulfils Einstein's legacy on the 
100th anniversary of his general theory 
of relativity,” says Caltech’s David H 
Reitze, the executive director of the 
LIGO Laboratory. 

Ever since Einstein published 
his theory of the universe in 1915, 
scientists have sought the presence of 
gravitational waves like a cosmological 
holy grail. The existence of such 
waves was demonstrated throughout 
the 1970s and 1980s by American 
astrophysicist Joseph Taylor Jr, with 
Taylor Jr and fellow physicist Russell 
Hulse discovering a binary system (in 
this case a pulsar orbiting a neutron 
star) back in 1974. Eight years later, 
Taylor Jr (alongside Joel Weisberg) 
discovered that the orbit of that very 
Same pulsar was slowly reducing due to 
the incremental release of gravitational 
waves. His work in the field would lead 
to a Nobel Prize in 1993. 

sUatewarellinelexle (ome) ce) (el mcOn Kose) ello 
and upgrade the two LIGO sites has 
been tipped as the final piece of the 
puzzle that helped make the discovery 
possible. The Advanced LIGO is able 
to probe much larger sections of the 


What the experts say... 


“Scientists have been 
looking for gravitational 
waves for decades, but 
we've only now been able 
to achieve the incredibly 


precise technologies 
needed to pick up these very, very faint 
echoes from across the universe. This 
discovery would not have been possible 
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without the efforts and the technologies 
developed by the Max Planck, Leibniz 
Universitat, and UK scientists working in 
the GEO collaboration.” 


Professor Karsten Danzmann, 
director at the Max Planck Institute 
for Gravitational Physics 


universe in far greater detail, and it was 
on its first reinvigorated run that the 
detection of those gravitational waves 
Was made. 

“In 1992, when LIGO's initial funding 
was approved, it represented the biggest 
investment the NSF had ever made,” 
says France Cordova, National Science 
Foundation director. “It was a big risk. 
But the National Science Foundation 
is the agency that takes these kinds 
of risks. We support fundamental 
science and engineering at a point in 
the road to discovery where that path is 
anything but clear. We fund trailblazers. 
It’s why the US continues to be a global 
leader in advancing knowledge.” 

Each of the LIGO sites consists of a 
four-kilometre (2.5-mile) long L-shaped 
interferometer. Laser beams are fired 
along each of its arms, with mirrors 
placed at each end to bounce the 
beams back and forth. It’s these beams 
that enabled the scientists monitoring 
the LIGO observatories to detect the 
infinitesimal change (smaller than 
one-ten-thousandth the diameter of a 
proton) in the distance between these 
mirrors caused by these gravitational 
waves passing across the Earth. 

The LIGO wasn't just the work of a 
handful of teams either. Over 1,000 
scientists from universities across the 
United States and 14 other countries 


“Tt is incredibly exciting 

to finally see the deep 

connections between 

theory and observation. 

This is the holy grail 

of science. To confirm 
amazing predictions of general 
relativity is a dream come true. We 
have witnessed a historic event, the 





contributed to the project in some shape 
or form. A total of 90 university faculties 
and scientific institutes were involved 
over the LIGO Scientific Collaboration 
(LSC), including the Max Planck Institute 
for Gravitational Physics (Albert Einstein 
Institute, AE]), Leibniz Universitat 
Hannover, the University of the Balearic 
Islands in Spain and the universities of 
Cardiff, Birmingham and Glasgow from 
id atom Oinvitcrem Gielexeloynn 

Professor Alberto Vecchio, from 
the University of Birmingham, whose 
team has developed the techniques to 
extract the properties of the sources 
from the gravitational wave signatures, 
comments: “This observation is truly 
incredible science and marks three 
milestones for physics: the direct 
detection of gravitational waves, the first 
(o)b\s=) ae-1 (0) eo) ar b)iBr-Vatap)i-(elqnle)(omrelalel 
the most convincing evidence to-date 
that nature's black holes are the objects 
predicted by Einstein's theory.” 

The success of the LIGO sites has led 
to negotiations with scientists at the 
Inter-University Centre for Astronomy 
and Astrophysics and the Raja Ramanna 
Centre for Advanced Technology, with 
the hope of constructing a third LIGO 
site in India. If the deal gets the green 
lf:Anlem datcmnn(oKe)melareice)emeeel (om r-lele-l hy 
refine our ability to pinpoint other 
Se MeccROMUEAUIEINOREIAN EN ocm 





confirmation of the 100-year-old 
predictions of Einstein regarding 
gravitational waves and our ten-year-old 
computation of the merger of two black 
holes in a single event.” 


Carlos Lousto, researcher at the 
Rochester Institute of Technology and a 
coauthor of LIGO breakthrough papers 
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The potential third LIGO site in 
India is currently under review by 
the Indian government. If it goes 
ahead, it could be operational 
within the next decade 
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Space laser 
relay in orbit 


The European Space Agency 
(ESA) has finally sent its 
SpaceDataHighway laser relay 
into space following a successful 
launch in January 2016. The 

= European Data Relay System 
i (EDRS-A) will form part of a new 
Satellite network that will aim to 
provide data transfers at near-real- 
time speeds of an impressive 1.8 
gigabits per second. 


Moon activi 
affects rainfall 
on Earth 


According to research by a group 
of scientists at the University of 
Washington, the gravitational pull 
of the Moon can actually diminish 
rainfall back on Earth when it is 
overhead - although only slightly. 
The Moon's gravity purportedly 
causes the Earth's atmosphere 

to bulge, increasing its size and 
reducing the size of rain pockets. 


Apollo 14 to 
improve future 
lunar missions 


The obstacles and challenges faced 


m@)elme)o\—areluloame)mcarehvaleclulearel ected “carhaene 


to the Moon in 1971 have always 


WA AVS S accomplishes dhl Phaaleialeers remained firmly on its to-do list. 


Now, however, new research and 


ae al Set eelt OVETL five falsyerla(as scientific developments - such as 


new spacesuits that can mitigate 


AZO, to dire ctly dete CT this the build up of lunar dust - are 


aiming to significantly improve 


SVIBISIAY.S phenomenon Plate! better future lunar missions. 


understand the universe’ NASA's 
Juno headed 


for Jupiter 


NASA's Juno spacecraft, which is 
set to arrive at Jupiter on the 4 July 


NW) “This first direct detection of gravitational ~~ “With this discovery, we humans are embarking 2016, has readjusted its trajectory 

| waves is a breathtaking discovery that will | 7H on a marvellous new quest: the quest to explore in order to maintain its course for 
stand out among the major achievements ye 4 the warped side of the universe - objects and the Jovian giant. Launched in 2011, 
of 21st century science, because it opens 2 phenomena that are made from warped space-time. the solar-powered spacecraft will 
the door to many discoveries that, I believe, ' Colliding black holes and gravitational waves are our aim to provide the most detailed 

























will be made in the coming decade.” — first beautiful examples.” study of the gas giant to date and 
will orbit the king of the Solar 


Abhay Ashtekar, director of the Institute for Kip Thorne, cofounder of the Laser Interferometer System a grand total of 33 times. 
Gravitation and the Cosmos at Penn State University Gravitational-wave Observatories (LIGO) 
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- ‘The Smith Cloud, caphuredse 
here in false colour by the: 
Green Bank Telescope, 
is located near the 

- constellation of Aquila 










NASA's DARE will explore 
the foggy early universe 


‘Dark Ages’ 
could come 


to light with 
lunar mission 


The proposed craft will 
be placed in the Moon's 
Shadow to study the 
distant black spots in the 
history of the universe 


NASA is planning to launch a new 
mission to study the ‘Dark Ages’ of the 
universe. The Dark Ages Radio Explorer 
(DARE) will be positioned in the shadow 
of our Moon, enabling it study the 
deeper reaches of the galaxy without 
the signal interruptions from the Earth 
and its man-made satellites. 

The cosmic dawn of the universe has 
always fascinated scientists, and NASA 
hopes this planned orbiter will finally 
provide us with the means to peer into 
this mysterious epoch, where the stars 
and galaxies were first formed and 
developed, and see through the celestial 
haze that’s essentially obscured certain 
parts of cosmic ancestry. 

So what caused these black spots 
in our understanding of the early 
universe? The universe was formed 13.8 
billion years ago, with the earliest light 
ever recorded (known as the cosmic 
microwave background) dating back to 
around 380,000 years later. Soon after, 
the universe became enshrouded in a 
thick cloud of neutral hydrogen that has 
effectively blocked our attempts to peer 
into a gap almost one billion years long. 

The team behind DARE intend to 
study this haze with the orbiter and 
use the data collected to potentially 
extrapolate the space development 
within. The DARE orbiter will also aim 
to study the potential presence of dark 
matter in the far reaches of the galaxy. @ 
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Colossal cosmic Fatettcem 


heading for the Milky Way” 


A giant cloud of hydrogen gas that had previously erupted 
from our galaxy is now heading back at an extreme speed 


Images captured by NASA's Hubble 
Space Telescope have revealed a huge 
cloud of hydrogen gas headed back 
towards our galaxy at the impressive 
speed of 1.1 million kilometres (700,000 
miles) per hour. 

This isn't the first time the celestial 
Smith Cloud has entered the Milky Way 
- it’s the only cloud of its kind to have a 
known trajectory, with data suggesting 
it had been previously expelled from 
the galactic disc roughly 70 million 
yeals ago. 


Asteroid to 
make close 
approach to 
Earth on 

5 March 


The space rock could 
conduct its celestial 
flyby as close as 
17700km (11,000mi) 
to our planet's 
atmosphere 


According to NASA, an asteroid will fly 
Safely past the Earth at the beginning 
of March with a distance variation 
between 14 million kilometres (9 
million miles) and 17,700 kilometres 
(11000 miles). Asteroid 2013 TX68 
is estimated to be approximately 30 
metres (100 feet) in diameter. 
Scientists at NASA's Center for NEO 
Studies (CNEOS) at the Jet Propulsion 
Laboratory in Pasadena, California 
have been tracking the asteroid and 
have assured the public that the object 
poses no threat to the planet. There 





“The cloud is an example of how 
the galaxy is changing with time,” 
comments team leader Andrew Fox of 
the Space Telescope Science Institute in 
Baltimore, Maryland. “It's telling us that 
the Milky Way is a bubbling, very active 
place where gas can be thrown out of 
one part of the disc and then return 
back down into another.” 

With the Smith Cloud due to impact 
our galaxy in around 30 million years, 
NASA astronomers believe the collision 
will cause an incredible burst of star- 


Asteroid 2013 TX68 will 
make a close approach to 
Earth on 5 March 2016 


is a small chance (1-in-250 million 
to be precise) that the same asteroid 
could impact the Earth when it passes 
by again in 2017, but the probability 
will only continue to decrease during 
future flybys in 2046 and 2097. 

“The possibilities of collision on any 


of the three future flyby dates are far 
too small to be of any real concern. I 
fully expect any future observations 
to reduce the probability even more,” 


forming energy equivalent to two 
million Suns. The comet-shaped body is 
11,000 light-years long and 2,500 light- 
years across - a size so big it would fill 
the sky above us with a size 30 times 
that of the Moon. 

“Our galaxy is recycling its gas 
through clouds, the Smith Cloud being 
one example, and will form stars in 
different places than before. Hubble's 
measurements of the Smith Cloud are 
helping us to visualise how active the 
discs of galaxies are,” Fox adds. @ 





comments Paul Chodas, manager of 
NASA’s Center for NEO Studies. 

“This asteroid’s orbit is quite 
uncertain, and it will be hard to 
predict where to look for it,” he adds. 
“There is a chance that the asteroid 
will be picked up by our asteroid 
search telescopes when it safely flies 
past us next month, providing us with 
data to more precisely define its orbit 
around the Sun.” @ 
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Is the universe a hologram? 


a 


= Hawking’s fir IPA the information 
paradox when he applied both quantum physics 
and general relativity to black holes 
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works on the irarel alate) (oysatg 
id Fermilab's Holometer 
eriment, which is looking for 
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Picture a room filled with books. Then imagine 
that all the books suddenly disappear. All the 
information they contained would be lost, right? All 
the plot lines, characters and happy endings would 
vanish into thin air. But this library is different. 
Here, all the information inside the room is also 
encoded on the floor, the walls and the ceilingeEven 
though the books themselves are gone, you can still 
retrieve all of the details they contained by looking 
at the surfaces that once enclosed them. Want to 
know how that story ended? Read the wallpaper. 
Whodunnit? Consult the carpet. Sounds downright » 
weird, doesn't it? 

Our imaginary library gets stranger though. If 
the books disappeared, but the information in them 
didn't, did the books even exist at all? Or were they 
just a projection of the information on the walls, 
carpet and ceiling? After all, holograms like the ones 


“Even gravity might be an illusion” 


Daniel Grumiller, Vienna University of Teghnology 








- 
found on credit cards work in a similar fastfion. ~ 
Viewed in one way they look,three Cimenisio ae tae y, 
all the information they contain is actually encoded ““'/. 
in only two diniénsions. It is the same information /— 
presented differently. 

The remarkable thing is that there is growing 
evidence our universe behaves just like this bizarre 
library, and that everything we see within it might 
just be a holographic projection of information 
encoded on some far distant boundary. “Even 
gravity might be an illusion,” says Daniel Grumiller, 
from the Vienna University of Technology in Austria. 

As with many of the universe's greatest mysteries, 
this one starts with black holes. A black hole is what 
you get when a really big star dies. At the end ofits 
life, the star's dense iron core collapses and rips a 
hole in space into which nearby objects irretrievably 
fall. These extreme objects are at the centre of 
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physics’ ultimate quest: to unite the theories of 
vga om Ww = WW 
4 is our best description of atoms and the very small; » e& | | VY VS G ogtali 
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\ quantum physics and general relativity. The former 
the latter our most successful explanation of gravity 
and the very big. However, Stephen Hawking’s 


aa applied both quantum physics and general relativity 4 Holographic SDdaCe -time 


to black holes in the 1970s and suggested that 


if both theories were right then information is ® Superstrings a : 
destroyed inside black holes. This so called “black String theory is able to = Black hole hints 
hole information paradox” is something many combine quantum physics and . The study of black holes 
physicists just can’t accept. The reason the idea is gravity in order to perform © 5D space-time SNOUT EER GAN 
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so abhorrent is that it goes against a fundamental calculations about black holes. 


principle of quantum physics called determinism. It 
says that if you have a complete set of information 
about an object at a given time, you should be able 
to work out what it was up to before. However, 
if that information is destroyed then this it is no 
longer possible. 

_ Imagine that you set fire to a page in a book. 
The information it contained would not be entirely 
destroyed. While it would be insanely impractical 
iconeloe(op seman (sea ian'(olemee)el(emee)l(em-lime)mantcm-lsiaas 
and retrieve the original information written on 
the page because, to a physicist’s eyes, that original 
information hasn't vanished from the universe. 
“It would be nearly impossible to get back in any 
practical sense, but provided you traced all the ash 
particles you could do it, at least in principle,” says 
Grumiller. There's still a way you can reconstruct 
the system's earlier state from its present state. Yet 
Hawking’s initial conclusion from applying quantum 
physics and general relativity to black holes was that 
information about matter falling in is destroyed - it 
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is impossible to ever get it back. Field of particles & 
Then physicists came up with a way to potentially A so-called conformal A black hole in a 5-D 
spare their blushes. They realised that, just like field theory of point space-time is equivalent 


particles operates on ep) space-time vo ne) mr-\elr-li(e)s mela mant= 


our library, a copy of all the information about the Soars 
re e-S D ave)(e)z4e-] 00 holographic universe 


objects inside a black hole might also be encoded 
on its two dimensional perimeter (known as the 
‘event horizon’). “We call this idea the holographic m |" _+4 
principle,” says Grumiller. There are some problems Norma spdCe time 
with this idea, however, and physicists are frantically Flat space & 
still trying to sort out the details. Perhaps the According to our observations 
biggest stumbling block is the so-called “Firewall of the observable universe, we 
Paradox”, a theory that says that information isn’t believe that the cosmos is flat 
lost if it is left imprinted on the event horizon - a 
black hole’s point of no return. 

But why stop at black holes? If every three- 
dimensional object inside a black hole can be 
equivalently described by information on an 
external two-dimensional surface, why can't the 
same be true of the universe as a whole? Perhaps 
what we perceive as our three-dimensional 
existence is merely a projection of information 

. residing on some distant two-dimensional surface, 
just like the books were a projection of information 
that was actually on the walls and ceiling of the 
library. For some, this is a very powerful idea, one 
that might lead to a successful theory of quantum 
gravity. That theory is so sought after because it 
would be able to explain the very small and the very 
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® Curved by mass 


big at the same time - a one-size-fits-all description Space-time ®@ - Objects in the universe 
of the entire universe. The big issue with uniting The universe has such as galaxies planets 
quantum physics and general relativity into one the dimensions 3 ~ and stars, ‘curves’ the 
coherent theory is that they seem like pieces from associated with | = fabric of space-time 
two different puzzles - they refuse to neatly fit space and time v= 

~ * together. For decades, physicists have been working 
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gon ways to get them to play nice, with string theory 
a leading contender. This idea basically says that @ 
subatomic particles - those that in turn build atoms How P, | holo P, | hic 
2 are actually made up of tiny vibrating strings. Just 

as you can play strings on a musical instrument © @ 

— in different ways to produce different notes, so oniverse ks made 

_.. different particles are formed by these strings 

; vibrating in different ways. The trouble is that this, suahiel fel h. al 
theory can only join the puzzle pieces together if the 5 Wou Adve I <eT) dll 
universe has substantially more dimensions than ‘al Pil th = 
we experience. To reconcile that with what we see unexp ecte tum CT eC Big Bang 
around us, these additional dimensions are - rather : ae 
conveniently - said to be curled up really small and It's widely thought that the Big Bang - universe postulate that the universe 
so remain out of sight. the event which created the universe began when a star in a four- 

But in 1997, theoretical physicist Juan Maldacena - began with an infinitely dense point dimensional universe collapsed to 

made a breakthrough. He invoked the holographic known as a singularity. form a black hole. In this case, the 

a principle, proposing that the messy world of Singularities are thought iK0) universe would be protected from the 
string theory might just be a projection of a much be unpredictable, with the laws singularity at the heart of the black 
simpler reality. If string theory is the hologram, we of physics breaking down. Some into) l thanks to a three-dimensional 

. should be looking for the equivalent rules in fewer proponents of the holographic ee nzo0, 
dimensions - the walls instead of the books. Then, 
rather than inventing multiple unseen dimensions 
to get quantum gravity to work, we could accept 
that one of the dimensions we experience is an 
illusion. “Some aspects of quantum gravity are much Big Bang a Tnicieae | 
easier to calculate using this alternative picture,” Around 13.8bn years A mysterious 
says Grumiller. ago and in an infinitely particle or force 

It took until 2013 for these rules to be found. dense moment, the accelerates the 

A team of Japanese physicists led by Yoshifumi ® 3D representation universe is born from expansion of 
Hyakutake calculated some properties of a (o) re -s D an) 8)(es-1(0) 8) a singularity. the universe. 
black hole using string theory with all its extra 
dimensions. They then did the same calculation 





using quantum physics, but in one fewer spatial 
dimension than we're used to. Remarkably, the two 
sets of calculations matched. So their work says 
that string theory is equivalent to quantum physics, 
albeit in fewer dimensions. Perhaps what we 
perceive as the universe is just a hologram based on 
the rules of quantum physics playing out on some 
distant surface with one fewer dimension. As the 
latter makes no mention of gravity, this implies that 
gravity is part of the hologram. Although Grumiller 
notes that, “if you run over the edge of a cliff you'll 
still fall down.” 

However, as is often the case, there is a catch. 
Both Maldacena and Hyakutake’s team performed 
their calculations in a hypothetical universe in 
which the overall shape of space does not match our 
own. Cosmologists believe that our local universe 
is flat. That is to say it has no overall curvature and 
the angles of a triangle drawn between three points 
add up to 180 degrees just as on a sheet of paper. 
But both Maldacena and Hyakutake’s work was 
based on a universe with “negative curvature” as 
the calculations were easier to solve. Such universes 
are saddle shaped and triangles drawn on its surface . 
have angles adding up to less than 180 degrees. 

For the holographic principle to be taken seriously, 
it would have to be shown to apply to flat universes 
too. Inspired by this problem, Daniel Grumiller and 
colleagues spent three years trying to get it to work 
and they announced their findings in early 2015. . 

3 “We found that the holographic principle can indeed 
be applied to flat space, too,” he says. Suddenly the 
idea of our three-dimensional experience of the 
universe being a hologram was back on the table. = 
So, as things stand, the case for the holographic —— 





Event horizon 
The boundary in 
space-time, beyond 
which events 
cannot affect an 
outside observer. 
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® Dark ages 
Clouds of dark 
hydrogen gas cool 
down and combine. 


® Cosmic microwave 
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| Keely aire 
Gravity causes galaxies 
to form, merge and drift. 
Dark energy accelerates 
the expansion of the 
universe, but at a much 
slower rate than inflation. 






® First stars 


(CF [Mal (oe) b(e (Mae) | F]8)-1-1 


background and the fusion of 
After around 380,000 years, stars begins. 


loose subatomic particles 

known as electrons cool enough 

to combine with protons. The 

universe becomes transparent Note that the process is 
to light and the microwave depicted in 3D since theorists 


background begins to shine. are unsure of what a 4D 
universe would look like. 
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The Firewall Paradox 
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that a person inside the black 
hole can't see the information on 
the event horizon and a person 
outside the event horizon can’t 
see the information inside it. 
(Coynn ye) scerluloyatmaslcne-belyomele(cmne) 
black hole evaporation, predicted 


eo 


Physicists get around the problem 
of information being lost if a copy 

of that data is left imprinted on the 
event horizon. In quantum physics, 
two copies of the same information 
technically shouldn't exist. However, 
you can dodge that bullet by saying 





Particles and ®@ — 
antiparticles 
Space is full of 
particle- antiparticle 
pairs that pop into 
existence and are 
equal but opposite 
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Annihilation! @ 
Particles and 
antiparticles 

cancel each other 
out instantly 
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Hawking radiation ® 
If an particle-antiparticle pair 
forms just outside a black hole's 
event horizon, one particle may 
fall in while the other escapes 
as visible Hawking radiation 


® Negative energy 
Particles that fall into a 
black hole carry negative 
energy inwards, causing 
a loss in mass. If no 
“normal” matter falls 
in, the black hole will 
eventually evaporate 


Disappearance 


When the black hole evaporates, all 
the information disappears with it 
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by Stephen Hawking. Once roughly 
half the black hole has evaporated, 
there is no longer enough data on 
the edge of the black hole to match 
the information inside it. General 
relativity predicts that anyone 
passing through the event horizon 








would hit a “firewall” and be burnt to 
a crisp. This goes against the normal 
prediction of general relativity 

that says you shouldn't notice 
anything different when passing 

this imaginary line, but you would 
certainly notice getting fried! 


® Breaking the 
chains 
Particles break 
their correlations 
with their 
infalling partners 





® Firewall 
Energy that's 
released creates 
a firewall around 
1Wa(= mo) (a @are)(= 





® Keeping hold of 
information 
Talcelanat-it(e)a-|eye)e) 
everything that fell 
into the black hole, 
even after the hole 
evaporates, is retained 


® Black hole centre 
The singularity is infinitely 
small and dense and 
contains no information 
about the matter that 
nate\e (=m alee b)F-(e@are)(= 


pie tell 


Information is carried out by 
emitted particles, which are 
radiated from the black hole 
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“The messy world of string theory _ 





Craig Hogan set 
up the Holometer 
experiment at 
the Fermilab 
particle phsyics 
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might just be a projection of a much 


simpler reality” 


principle is on a firm theoretical basis. It seems, 
at least on paper, that we can explain everything 
we see around us in fewer dimensions than are 
apparent. But that’s only half the battle. Like any 
scientific theory, it needs experimental proof to back 
it up. The theory needs to make a prediction that 
researchers can go out and test. 

Such a prediction is currently being tested by 
Craig Hogan with his “Holometer” experiment 
at the Fermilab particle physics facility in the 
US. If the universe can be explained purely in 
quantum physics terms, then all the rules you'd 
normally associate with the theory don't just apply 
. to atoms, but also to space itself. The quantum 
realm is notoriously counter-intuitive. It is possible 
for a subatomic particle to be in two places at — 
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once simultaneously. Similarly, you can never pin 


down the precise location of an atom - you can 
only assign probabilities to where it is most likely 
to be. “The holographic principle is telling us that 
this uncertainty should also apply to the fabric of 
space,” says Hogan. This means that, on the smallest 
scales, space itself should be blurry. Picture it like a 
photograph. Seen on a computer screen the photo 
looks continuous. But zoom in enough and you see it 
is actually made of discrete chunks - its constituent 
pixels. On the smallest:scales, the photograph is 
actually blurry. The same could be true of space. 
Hogan set up the Holometer experiment to test 
this idea. His equipment is what physicists call an 
interferometer. Laser beams are bounced off mirrors 
along two equal paths - or “arms” - that are at right 


if 


AAS 


angles to each other. The laser beams then meet in 
the middle and a detector picks up this combined 

beam. But the laser beams only combine perfectly if 
they take exactly the same time to travel along each 


_ arm. If one is delayed along the way then it will lag 


behind the other and they won't join up properly. “If 
the holographic principle holds then the quantum 
uncertainty associated with space should cause 
‘jitters’ in the experiment,” says Hogan. These jitters 
would cause a delay of around 10” seconds in the” 


arrival time of one of the beams. That’s just one ten | 


onl litoysldeMeym-Maelluleysldeme)m-mccree)sle m 
The bad news is that Hogan's experiment ran 


for 140 hours and found no such jitters. “But it’s 


not over,” Hogan says. “We've only ruled out one 
particular type of blurriness.” Undeterred, he has 
reconfigured the experiment to look for evidence 
of a slightly different version of the holographic 
principle. So, the quest to find out whether what 
we see around us - including gravity itself - is an 
illusion continues. But if experiments like Hogan's 
are successful, we might have to completely 
re-evaluate everything we thought we knew. @ 
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‘A TRULY EDGE-OF-YOUR | 
SEAT RIDE INTO SPACE’ 


JAMES HOLLAND 


cor the true story of the space shuttle 
better than it's ever been told before’ 


CHRIS HADFIELD, former Astronaut and 


International Space sab aie 
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f Rowland White 


‘A remarkable book’ 
~~ DAVID SCOTT, 
/ INTO 


Commander of Apollo 15, Moonwalker 













‘Told me stuff | never knew before — 
and | worked at NASA for 30 years’ 









MICHAEL FOALE, former Astronaut and 
international Space Station Commander. ee? er Pe E 
) The Extraordinary Untold Story ofthe First : 
Fight of the Space Shuttle and the Men Who Flew Her 








‘A drama of flight and 
raw human courage. | 
You'll feel like you madethe | 
flight yourself. Strap in.’ —~ , 
STEPHEN BAXTER ) <2 —<s 
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Red dwarfs 


The nearest star to 
us is a red dwarf 


Proxima Centauri, which is very likely to form part 
of a triple star system with binary Alpha Centauri, 
is an astronomical stone’s throw away of 4.24 light 
years. Despite being our closest star, it is faint and 
cannot be observed with the naked eye. 


Many host 
super-Earths 


According to observations from the High Accuracy 
Radial Velocity Planet Searcher (HARPS) installed 
on the European Southern Observatory’s 3.6-metre 
(11.8-foot) telescope in Chile, around 40 per cent 
of red dwarfs host a super-Earth planet in their 
habitable zones, where liquid water can exist. 


www.spaceanswers.com 


They are the most 
common star 
in our galaxy 


When we look around the neighbourhood of our 

Sun, the most common type of star is the red dwarf. * 
Astronomers estimate that 75 per cent of the stars 

in the Milky Way are red dwarfs, which leads us to 
believe that they are also the most common type of 
Star in the universe. 


Around 40 per 
cent of red dwarfs 
have been found to 
host super-Earths 


They can be 
extremely violent 


While they are small and cool in comparison to 
other stars, some red dwarfs are known as flare 
stars. Flare stars are unpredictable and unleash 


massive flares, which cause a dramatic increase in 


the stars’ brightness. 


They can outlive 
many stars 


Weighing in at 7.5 to 50 per cent the mass of the 
Sun, red dwarfs burn at a low temperature of 
2,/00 degrees Celsius (4,892 degrees Fahrenheit). 
Having a low temperature means that red dwarfs 
burn through their supply of hydrogen less rapidly, 
stretching their lifetime out to trillions of years. 
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Written by Giles Sparrow 


A decade ago, NASA's Mars 
Reconnaissance Orbiter (MRO) arrived 
at the Red Planet. All About Space 
celebrates its ten-year anniversary 


—_ 





Mission objectives 


.__ Understand the present 
@ i climate of Mars 


4 Work out the nature of the 
| complex Martian terrain 


Search for evidence of aqueous 


@ Mand hydrothermal activity 


“Identify landing sites for future 
@ M4 Mars missions 


‘Return data from craft on the 
@-MA surface during relay phase 
.» WwWw.spaceanswers.com 








10 March 2006 


Arrival at Mars 
The MRO arrives in Martian orbit, 
initially entering a highly elliptical 
orbit over the planet's poles. 
After initial checks, MRO begins 
an aerobraking manoeuvre that 
takes five months to complete, 
taking advantage of the natural 
brake provided by friction with the 
atmosphere to save thruster fuel. 
By the time the process is 
complete in early September, 
MRO's 112-minute orbit around 
Mars ranges between 250 to 316 
kilometres (155 to 196 miles) above ~ 
the surface. The science operations eo 
are postponed until November to "9M SUN aa 
avoid a communications blackout. [Pognisics spices | 
~ 13 December 2006 A 
Targeting a layered canyon | it Se 7 November 2007 
After months of aerobraking and instrument ~ Weather watch 
testing, one of the first targets for MRO's a , The Mars Color Imager (MARCI) delivers wide- 
High Resolution Imaging Science Experiment angle, lower-resolution images of the surface, 
(HiRISE) camera is an area close to the Martian | allowing MRO to produce daily weather maps 
ale) mdpm oe) (-Pu n(=]n- Mm iney4-l pmer-]aslelp mel (ey. d(e(-M (slay for the planet. In late 2007, MARCI captures a 
ice) is laid down by winter frosts, carrying with developing dust storm (red clouds) on the edge of 
them dust from the atmosphere. the retreating north polar ice cap in Utopia Planitia. 
As the upper layers of frost evaporate in Northern-hemisphere storms tend to remain 
spring, they leave dust behind, slowly building local (this one covers 500 kilometres (310 miles) _— 
up a distinctive and complex layered terrain, and lasts 24 hours), but those in the southern- 
whose inner structure is exposed around the hemisphere summer can envelope large swathes | 
edges of the canyons and craters. of the planet and last for weeks orevenmonths. — 
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The first image , : Capturing an avalanche 

Froman altitude of 2,489 When MRO revisits the layered terrain at the north 

kilometres (1,547 miles), polar cap in the Martian spring, scientists hope 

the MRO takes its first to study the way in which carbon dioxide frosts 

image of the Martian. evaporate from underlying sand dunes. 

surface, highlighting no It comes as something of a surprise, however, 

smearing or blurring. when an image from HiRISE ends up capturing no 
fewer than four separate avalanches thundering 
down a layered cliff face more than 700 metres 
(2,296 feet) tall. Further observations confirm that 
similar avalanches recur in Martian spring - they are 
probably triggered when blocks of dust-laden dry 
ice collapse as frozen carbon dioxide slowly thaws. 
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MRO captures the 
Nili Fossae region 
This enhanced colour 
image, taken by the 
HiRISE camera in March 
2007, shows an area of 
the Nili Fossae region. 
The image is part of a 
series of experiments 
to examine more than 
two dozen possible 
landing sites for NASA's 
Curiosity rover. 
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10 years around Mars 


27 May 2008 


Flight of the Phoenix 
Throughout its decade of 
operation at Mars, the MRO has 
been used in conjunction with = 
several other spacecraft, helping =~ = . 
to identify potentially interesting ~— © 
landing sites for rovers, making eS 
observations to supplement those 7 
from other orbiters, and tracking = 
other missions once they have 
reached the surface. 

In 2008, MRO uses its HiRISE 
to capture one such mission on 
its final descent to the Martian 
surface. The Phoenix Lander is 
shown here at an altitude of about 
13 kilometres (eight miles), shortly 
after its parachute opens. 


4 February 2009 


Spiders from Mars 7 
One of MRO's most spectacular discoveries are the curious, 
organic-looking patterns that develop in spring at the edge of the 
south polar cap. With a resemblance to trees or spiders, these 
dark patterns - also known as starbursts - form dark tendrils that 
spread out across the bright, frost-covered terrain. 
Pa It is thought they are formed by sublimation - the direct 
Bd transition of frozen carbon dioxide ice into gas. This happens in 
27 February pleleys: pockets beneath the surface and gas finds its way to weak points 
; or fissures where it can break out, often carrying dust with it 
MRO captures ale! gthat falls back to the surface. This dust darkens the ice cap, so it | 
dunes defrosting he cies more sunlight and heats up, which continues the cycle as 


. 
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MRO spots an unusual impact crater Missing carbs 
The MRO's HiRISE Gamera captures a surprise Prior to MRO's arrival, an important question for researchers 
crater on the surface of Mars. Its shape is non- was the nature of the water that had clearly run on the planet's 
circular, whichas*quite unusual for an impact surface in its past. On Earth, water action on rocks converts them 
crater. The crater also contains a bright patch | — into carbonate minerals such as chalk and limestone through 
of ice, despite being surrounded by terrain weathering, but acidic water tends to dissolve carbonates. 
y we” / that has lost the majority of its ice cover. The apparent lack of carbonates on Mars has led some to 
= , = suspect thagits ancient waters were acid and hostile to life. In 
= ae > | 2008, however, MRO’'s mineral imager CRISM finally discovers the 
—— - first signs of carbonates exposed at the surface (appearing green 
in this image of the Nili Fossae canyon system). 


PEA Elves wel). 


Phobos flyby a 
The MRO team turn the HiRISE ‘ ; 
camera away from Mars to image 
its two Satellites, Phobos and 
Deimos, at the highest resolution 
yet obtained. The larger of the two 
moons, Phobos, orbits closer to 
Mars, circling the planet once every 
seven hours and 40 minutes. 
Seen in this image from 6,800 
kilometres (4,200 miles), the 
potato-shaped moon's most 7 
prominent feature is a crater called . 
Stickney. The curious grooves that + 
appear to radiate from the crater a” 
and run parallel with the moon's | - 
longer axis are thought to be stress 
fractures, caused as Martian tidal | 
forces push and pull on the satellite. 
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Martian Moon 
Deimos in high 
resolution 

The smaller of Mars’ moons, 
Deimos, is captured by the 
HiRISE camera onboard the 
MRO in February 2009. The 
moon is around 12 kilometres 
(7.5 miles) across and has a 
smooth surface, apart from 
dents created by the most 
recent impact craters. 


14 July 2009 


Snapping Victoria Crater 
at Meridiani Planum 


14 July 2009 2 March 2010 


Crater Edge in Low-latitude ice 

Terra Sirenum MRO's Shallow Subsurface Radar Instrument (SHARAD) 
emits radar beams that penetrate the upper layers 
of the surface and send back reflections whose 
characteristics are altered by the electrical properties 
of the soil beneath. The presence of water makes the 
Martian sands electrically conductive and results ina 
particularly strong signal. | 
» Inthis image from 2010, yellow streaks represent 
individual radar tracks across the Deuteronilus Mensae 
region, and blue indicates the location of water ic 
detected by SHARAD. Deuteronilus Mensae is a region 
of collapsed canyonlands in the middle latitudes of 
the northern hemisphere = the ice seems to be buried ~ 

4 ;. below a thin layer of surface dust oe rocks et 


4 


14 July 2009 


View of Cape 
Verde from 
Cape St. 
Mary in mid- 
afternoon, in 
false colour 
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19 May 2010 


Craters of ice 
The ‘Red Planet’ owes its nickname to 
the rusty Martian sands that cover its 
surface - but this HiRISE image in May 
2010 reveals just how thin that surface 
layer really is. A small ten-metre (32.8- 
foot) crater formed here after the area 
was last photographed in March 2008, 
and has pierced straight through the 
red soil to hit an underlying layer of 
ice, blasting snowy ‘ejecta’ across the 
surrounding terrain (colours have been : 
processed to highlight the contrast). Z << Se ee 
The crater is at mid-northern latitudes, a ~~ = = 
where MRO observations suggest ice 
forms a major component of the soil. 





















13 September 2010 es — ae, 
Martian glaciers gh 







Shortly after MRO began imaging the surface . scientists began. ey 
to notice features that were most likely created by glaciers- —~ 
slow-moving rivers of ice that reshape the landscape as they 
move from higher altitudes to lower go eae 


< | Seesent ee a flow of ice from an Aevatetanant 
~ down to an eroded ‘snout’ on the level plain below. The surfa 


of the glacier is covered in boulders up to three | metres (9.8 8 aa 
__ feet) across that have been carved out of the valley walls. = oe = 






> as - There are thought to — many more glaciers like ita across Mars, | 
= - “often hidden beneat h the re = 
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Mapping the atmosphere . Salt-water flows? 
MRO's Mars Climate Sounder (MCS) , * Comparing imagesof asouthern- ~ 
studies the atmosphere by viewing | hemisphere crater called Newton | 
sections through air above the horizon : . 4 across the Martian seasons, researchers 
an ee at a variety of wavelengths. e : * ! find numerous dark trails forming and - 
ye? a Mele This MCS image shows curtain-like ‘ a ie _ extending down the crater wall during: 
an” profiles of the atmosphere above the 4 _ spring and summer, before fading away 
northern hemisphere, based on 13 o£ (oi with the onset of winter. These features, 
(ols bea V0) a Hae) me) 8\-\-1a\e-] 4 (0) 4 \-Wa @e) (0) 0 |g Known as recurrent slope lineae, 
coding indicates different temperatures 3 February 2011 a “Sd only form on the warmest, equator- 





* 








in the atmosphere ranging from -70°C Changing dunes “facing slopes, and the range of likely 
25 June 2010 (-94°F) in green, to a chilling -150°C : temperatures in these regions suggest 

(-238°F) in purple. MCS can also detect Thee CONE ea owiies *~ they.are most likely caused by salt 
Mars’ wet north purple. the Vastitas Borealis surrounds lied! Y 4 ee 






water ice clouds, accumulations of water flowing just beneath the surface. 


Ancient hydrated minerals 
y water vapour and dust storms. 


had already been found in the 
southern highlands but the 
northern plains seemed to have 
a disappointingly dry history. 
Using the CRISM spectrometer, 
researchers target several 
craters and identify multiple 
signatures from hydrated, clay- 
like minerals (such as those 
shown here at Lyot Crater). The 
crater seems to have punctured 
through the overlying dry soil 
to expose an ancient layer 
below, revealing evidence 

that watery and hospitable 
conditions were once global, 
perhaps 4 billion years ago. 


the Martian north pole just 
beneath the polar cap, and was 
long assumed to be in a state 
of permanent deep-freeze. 
However, this set of HiRISE 
images showing the area across 
two Martian years (roughly four 
Earth years) shows substantial 
erosion has taken place around 
the rim of a steep-edged dune. 
The changes are partially due to 
the seasonal accumulation and 
evaporation of carbon dioxide 
frost from the atmosphere, 
but are also affected by strong 
winds that shift the Martian 
sands and quickly wipe away 
signs of previous landslips. 
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10 years around Mars 


6 September 2012 | 


Tracking Curiosity 

Prior to the arrival of NASA's Curiosity 
rover on Mars in 2012, MRO plays a 
key role in gathering data about its 
landing site in Gale Crater. As with 
Phoenix in 2008, the HiRISE camera 
tracks the probe during its descent, 
and it has been used to monitor 

the rover's progress intermittently 
throughout the rest of Curiosity's 
mission. The spacecraft's rockets 
blow away the red surface dust during 
the “sky crane" descent stage to the 
Martian surface, revealing the darker Earth 
iron-rich rock beneath, which can be 

seen in the centre of the photograph. 


WES 


16 July 2013 


yee} 1-1 F-) el =) =F 
Scientists have long speculated that the northern 
plains were once covered in a shallow ocean. In 
2013, using HiRISE images of the Aeolis Dorsa region 
(which sits between the northern and southern 
hemisphere), researchers create an elevation map 
1s) 01 AO) B and find a series of inverted ridges fanning out 
: as they run downhill -a structure similar to how 
Martian dunes river deltas flow into Earth's seas. It's the strongest 
covered in frost evidence yet that the ocean theory is correct. 
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16 February 2012 


Twister on the move 
The existence of dust devils on 
the Martian surface had been 
suspected since the 1970s, but 
MRO surprises everyone by 
delivering stunning images of 
these tornado-like whirlwinds 
in action. This relatively 
small-scale dust devil is about 
30-metres (98-foot) wide and 
800-metres (2,624-foot) high - 
others can grow much larger. 
Dust devils scour the Martian 
surface clear of dust, frequently -_— Fe rs 
leaving scribble-likedark ab if et ass ae | i 11 September 2012 


trails where they expose the Wi 
inter wonderland 
| k. Th ; 

Fea dl a ae “7 yoy | During the southern-hemisphere winter of 

way as Earth's dust devils, when 2006 to 2007, the MRO uses its Mars Climate 

a pocket of warm air is trapped’ see hi es formations over tite 

aes ae ae lly alec In 2012, a team of scientists announce a new 

4 analysis of this data, confirming the presence 

nsercreating 4 SPIDONS pase , of a huge carbon dioxide snow cloud, some 
500 kilometres (310 miles) across, hovering 
over the south pole. The cloud, made of frozen 
“dry ice" crystals, would deposit snow on 
the ground in the right conditions, perhaps 
explaining how the south pole grows from a 
small residual ice cap that persists through 
summer, to an extensive snowcap covering a 
large amount of the southern hemisphere. 
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: ‘an impact basin. =. 25 
. This's sand duneis oe | 
"as a barchan, Rien forms § on 2 
when the wind blows i in. 

‘one direction for long » 

.: periods 0 time, causing” St wa 
‘ittoslowly ereep across ; 

b the surface Of Mars. a 
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16 January 2015 


The spacecraft 
locates the 
Beagle 2 lander 
Beagle 2, a lander 
released by the Mars 
Express Orbiter on 
Christmas Day in 2003, 
is uncovered by MRO 
with its solar arrays 
partially deployed on 
the surface of Mars. 


‘ i, 


26 6 February 2 2014 aS 
Icy revelations 


»MRO's high-resolution cameras have discovered many 


unsuspected features on Mars, including unusual terraced craters 
like this one. At first glance, its bulls eye structure makes it look.as 
though asecond meteorite has struck the exact centre of an earlier 
crater, but the reality is rather different. 





Terraced craters form when an impact penetrates through layers 
of material that have different strengths - in this case, a relatively 
weak sheet of ice just below the surface has been hollowed out to 
form the crater’s wide outer walls, while the much tougher rock 
beneath has only been excavated at the point of impact itself. 


_ particular dune is located >” 
s ~son the western rim of the, =. ; ~ 

‘Hellas impact basin; in’ ~ Sat 

~ the southern hemisphere 
. -of the. Red Planets, > 






























2013 
2014 
2015 


ac Neweritiet 2013 =e ees = ose SS » 23 March 2015 pie 
S “ spottings recent impact ae The south polar caps of Mars 


_ The MRO's continuous watch over Mars gives us 5 the The orbiter captures Mars’ south polar cap during the 
~ ability to see the rate of changes to the planet's surface. summer of Mars Year 32. Although the cap manages 
This goes not just for seasonal processes such as the to survive each warm summer season, it is constantly 
. Bons of the polar caps, or the eruption of dust storms, changing shape with the auvnaen on carbon dioxide. 
g Dut also for external factors such as impact cratering. = 
- This spectacular crater, which is 30 metres (98 
feet) across but surrounded by an extensive pattern 
of impact debris, or ‘ejecta’, formed after July 2010 
“and before May 2012, between two imaging passes of 
_MRO's Context Camera. This more detailed false-colour 19 October 2014 
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<i ig from the HiRISE camera uses bl Je to sic where Watching a comet flyby 
pee AS Se Ye 2a = Inlate 2014, space agencies 
= : = ns . ae = ses _—sttake precautions with MRO 
3 a — - an at : 7 sorts 


and their other Mars orbiters 
as the recently discovered 
Comet Siding Spring makes an 
unusually close approach to 
the Red Planet. 

When the comet was first 
discovered, it was thought 
to be on a possible collision 
course with Mars - with the 
potential to create a new 
crater several kilometres 
or miles across. In the end, 
however, Siding Spring passes 
within 140,000 kilometres 
(86,992 miles) of Mars - about ‘tei SU es, tat 4 ae 
one-third of the distance from pel. we Ces eee ee x ee AES 
the Earth to the Moon. Lhe bea cee, ee ae Mes 4 Cae eOt 
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8 June 2015 
Glassy debris found 


When meteorites hit a planet, the 
shock waves heat and compress the 
surface, often fusing sandy grains 
together to create glass. Impact glass 
is common on Earth but is hard to 
detect on Mars as its spectral signature 
is indistinct. In 2015, researchers find a 
way to prove that glass is widespread 
around many meteorite craters, such 
as Alga, the glass shown here in green. 
Impact glass can preserve traces of 
organic chemistry on Earth, so could 
assist in the search for life on Mars. 
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Mars’ lost atmosphere x | 
After MRO's confirmation of carbonate ie 
on Mars in 2008, the hunt was on to discover © <x 
larger deposits. The weathering process that’ — «- 
creates carbonates also locks away carbon : 
dioxide from the atmosphere, and so weathering ~ 
facolt)(e Wat-\ ZW o) EN c-Le ee Mctis4aljacerclal mae) (<Miamentiaralinys 
the Martian atmosphere. In 2015, scientists 


17 May 2015 = RAS Ogee “ identify the largest carbonate region so far in Nili 


. a a, ~ ys | Fossae -.exposed carbonates are coloured green 
MRO snaps a Hollywood movie site Mee £ cia 8 in this composite of CRISM data and a HiRISE 


Using the HiRISE‘camera, the Mars Reconnaissance Orbiter _ A) Be image. The presence of large carbonate deposits 
snaps the region Acidalia Planitia, which is featured in the best- . 
selling: noveland movie, The Martian. 


supports the idea that ancient surface water was 
amenable to the development of life. 





28 September 2015 


Water at last! 
_Following on from the 
«discovery of ‘recurring slope 
~~ Tineae’ in 2011, evidence for 
. actual water on the surface of 
~ Mars remained frustratingly 
elusive. However many more 
lineae are subsequently 
discovered at similar mid- 
southern latitudes. In 2015 
scientists use the CRISM 
“spectrometer to find the next 
best thing - the distinctive 
» signature of freshly formed 
*» hydrated minerals (chemical 
-compounds with water locked 
‘into their structure). 
_ The minerals are found 
in association with various 
lineae, including those in 
Hale Crater (which is pictured 
here), and the signals are at 
their strongest where the 
ineae are widest and darkest. 
They are thought to be 
formed by perchlorate salts, 
VValrea ecole] (ei: loar- Mare} ae) ee] 
antifreeze and keep water 
flowing at temperatures as 
low as -70°C (-94°F). 
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Mars Reconnaissance 


Orbiter 


Launch: 12 August 2005 
Launch rocket: Atlas V 401 
Target: ars 

Operators: NASA and JPL 
Orbital inclination: 93 degrees 


Component: Multiple components 


Arrival at Mars: ]O March 2006 
Mission ends: [BC 
Time spent in orbit: Ten years 





6.5m 


(average 
human 


(MRO) 


From the fascination it’s provided the field of 
astronomy for centuries, to the secrets it’s yielded 
since the first Mars mission in 1960, the Red Planet 
remains an elusive and esoteric point in the night sky. 
Since the early 1960s, the collective space agencies 
of the world have launched over 50 missions to the 
distant world the Roman's named after their deity 
of war, and one of those missions - NASA‘s Mars 
Reconnaissance Orbiter (MRO)- has just completed 
its tenth year of ground-breaking study above Mars. 
Through the lens of its colossal HiRISE camera we 
have been able to study the Red Planet like never 
before and it has radically changed our understanding 
of this awe-inspiring destination. Much like many 


Written by Dominic Reseigh-Lincoln 


spacecraft before it (and, no doubt, those to come after 
it), the MRO was born out of NASA’s ever evolving 
mission to study Mars in greater depth. After more 
than a decade of successful launches, NASA's long- 
standing Mars Exploration Program (MEP) decided it 
needed a powerful camera, designed specifically to 
study Mars' unusual topography and composition. 
“The Mars Reconnaissance Orbiter was designed, 
built and launched with the key purpose of supporting 
the MEP in multiple ways," reveals Dr Alfred McEwan, 
director at the Planetary Research Lab at the 
University of Arizona and a scientist involved in the 
MRO programme since its inception. “From the very 
beginning, we need it to perform the relay of surface 


t “The MRO has the most capable science 


1.7m 


height) 


Apart from its 
record-breaking 7 
main camera, the - 


MRO’'s development Ot jC “ty 


and build time was \ ms Q 
far shorter than a , 
that of other orbiter “,)° 
programmes 
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It took seven months fo ’ 
_ the'MRO toreach Marsand 
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instruments at its disposal and a much 
higher data rate than any other orbiter” 





The Mars Reconnaissance Orbiter's launch went 
off without a hitch, and blasted off onboard 
NASA's long-standing rocket of choice, the Atlas V 
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Gimbals @ 
Two mechanisms make 
sure the solar arrays 
point toward the Sun, 
and another ensures 
the High Gain Antenna 
points toward Earth. 


HiRISE @ 
The largest and most 
powerful camera ever sent 
to deep space, the High 
Resolution Imaging Science 
Experiment is the MRO's 
most important instrument. 






@ Solar panels 


The MRO's only MARCI @ 
source of power is The Mars Color 
sunlight. Each panel Imager is a wide- 
is approximately angle, low-resolution 
10m? (107.6ft?) and camera that can see 
capable of generating in five visible and two 


1,000 watts. ultraviolet bands. 
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natomy of the MRO 


Boasting the most powerful camera ever sent to deep space, 
the orbiter has been studying the topography and composition 
of Mars for ten years with some fascinating discoveries 


® High Gain Antenna 
The High Gain Antenna is the 
Mars Reconnaissance Orbiter's 
main means of maintaining 
communication with Earth. 











@ SHARAD 
The MRO's onboard 
Shallow Subsurface 
Radar is there to 
probe and define the 
composition of Mars’ 
polar ice caps. 













A visible and near-infrared tool, 
the Compact Reconnaissance 
Imaging Spectrometer for 
Mars is used to measure the 
surface mineralogy on Mars. 


@ Electra 


Electra is a UHF 
software-defined radio 
communications package 
used for communicating 
with other craft heading 
to and operating on Mars. 


The Context Camera 
works in conjunction 
with MARCI and 
HiRISE to create large 
contextual maps for 
possible lander sites. 


@ mcs 


The Mars Climate Sounder is the 
other spectrometer onboard 
the MRO and it measures 
temperature, pressure, dust 
levels and water vapour. 
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assets, perform vital landing site reconnaissance, run 
important atmospheric studies for EDL (Entry, Descent 
and Landing) and Mars-based science.” 

Even before it launched from Cape Canaveral in 
2005, it was already turning heads. Most notably 
for the hyperactive speed of its development. Most 
orbiters take around a decade from design to launch, 
but for the MRO, that turnaround was positively 
supersonic. “It was approved back in 2001 and 
was ready for launch in August 2005," comments 
Dr McEwan. “This was very fast compared to the 
development cycles of today’s NASA.” 

So what makes the MRO so different from the 
other Mars orbiters the American space agency has 
launched in the past? The answer lies in the clarity of 
its images and the data it captures from the planet's 
atmosphere and composition. 

“MRO has the most capable science 
instruments at its disposal (highest spatial 
resolution at visible, infrared and radar 
wavelengths) and a much higher 
data rate than any other orbiter 
we've ever launched,” adds Dr 
| McEwan on the craft's unique 
\ | instruments. “Orbiters provide 
_ | the global view and landers/ 
rovers study very tiny areas in 
great detail, so in that regard 
! they're quite synergistic in 
ys their capabilities.” The main 
5 crux of those capabilities lies 
a in its onboard camera - HiRISE. 
ee The largest camera ever carried 


Getting into. 
Martian orbit 


Journey to Mars @ 
After blasting off from Earth 
and separating from its Atlas V 
rocket, the MRO now begins its 
steady journey into deep space. 


@ Readjusting trajectory 
After seven months of 
travel, the MRO reorientates 
to align its thrust vector. The 
craft then fires its engines 
to reduce its velocity. 




































/ @ Darkened entrance 

fe Due to the trajectory that they 
often travel from Earth, some 
craft begin orbit insertion 
while they are in eclipse. 


Adjusting speed @ 
Now entering orbital insertion 
at an angle of 93 degrees, the 
MRO begins to slow down 
via aerobraking and enters a 
low-altitude orbit. 


® Phoning home 
The MRO begins imaging 
the surface of Mars almost 
immediately. These debut 
images are then sent back 
to NASA on Earth. 
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on a deep space mission, this 0.5-metre (1.6-foot) / \ 


reflecting telescope is the grandest of three 
lenses pointed at Mars’ surface (the Context 
Camera takes images in greyscale and provides 
context maps for the other cameras, while the 
low-resolution MARCI - Mars Color Imager - 
gives daily Martian weather reports). 

The heart of the MRO's science mission 
(which was only meant to last two Earth years 


the planet's surface to determine ideal landing 
sites for future NASA landers, and studying 
the Martian atmosphere and landscape to 
better understand its composition and the 
nature of its aqueous deposits. It's trio of 
aforementioned cameras capture these maps 
with an incredible clarity, a capability bolstered | 
by its spectrometers CRISM (Compact 5 
Reconnaissance Imaging Spectrometer for | 
Mars) and MCS (Mars Climate Sounder). The , 
MCS and the MRO’s Shallow Subsurface 

Radar (SHARAD) have been 
helping NASA scientists study 
another fascinating aspect of 
Mars - the presence of water in 
its various aqueous forms, much 
of which is contained in ice caps 


Head to head 


How does NASA's MRO stand up to the other long- 


standing orbiter, the 2001 Mars Odyssey? In terms of 


launch mass, Odyssey clocked in at 725kg (1,598lb), 
but the MRO is far chunkier at 2,18O0kg (4,806lb). 
But, both orbiters are tiny compared to a regular 
double decker bus’ impressive 11,900kg (26,235lb). 
Height-wise, the Mars Odyssey is 2.2m (7.2ft), while 


the MRO is 6.5m (21.3ft) - about one and a half times 


the height of a double decker bus (4.38m or 14.4ft). 


TOP TECH | 

High Resolution 
Imaging Science 
Experiment 


The MRO's High Resolution Imaging Science 
Experiment is a milestone in space-based 
camera technology. It's the largest and 

most powerful camera ever sent into deep 
Space and consists of a 0.5m (1.6ft) aperture 
reflecting telescope. It cost a whopping 
$40mn (£27.5mn) and can capture images of 
Mars’ surface with resolutions of 30cm/pixel 
(11.8in/pixel). It’s even caught shots of the 
Curiosity and Opportunity rover missions. 
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buried in the planet's subsurface. 
h Using sounders and radars such as CRISM and 
i} SHARAD, the MRO has also made a startling 
discovery - results published in the Science journal 
_ in September 2009 showed deposits of polar 
ice had been exposed to the surface by comet 
_ strikes. “Ice exposed (temporarily) by new 
| impact craters was a brand new discovery 
made by the MRO, and there have been many 
fF) advances in polar science,” says Dr McEwan. 
_ “Another notable milestone is the discovery, by 
_ radar, of buried carbon dioxide ice in the south 
polar cap." 
Now ten years into its life span, the MRO's 
_ future is far from grim. In fact, it’s now fully 
_ embracing its role as a communications 
support craft for future missions. It will soon 
support the InSight Mars lander mission, 
which is due to arrive at the Red Planet on 28 
September 2016. 



























—@ Atlas V 401 
The MRO launched 
aboard the smallest 
member of the Atlas 
V rocket family. The V 
401 is 58.3m (191ft) tall. 


Mars Odyssey 
725kg 


MRO 
2180kg 


Vital statistics 
2,000 watts 


The amount of 
electricity needed *"™ 
for the MRO 


58.3m 


The height of the 


It would take 
five MROs 
to power a 
normal home 


a That's just 

wee (OVE! half 
the size of 
Big Ben 


= ome 


A touch heavier than 
your average 4x4 car 


Atlas V rocket 


2,180kg 


The weight 
of the MRO 


54.6mn km 


The minimum 
distance between 
Mars and Earth 


equivalent 
to 1,362 
trips 

around 

own planet 











COO map 
the Martian 
surface 


1 Providing some context 

In order to know where to point the powerful 
HiRISE (High Resolution Imaging Science 
Experiment) camera, the MRO uses the Context 
Camera to determine the most suitable region. The 
Shallow Subsurface Radar is used if the presence 
of underground polar ice caps is also factored in. 








2 Capturing the spectrum 

In order to correctly capture the likeness of 
the Martian surface, the MRO uses a spectrometer. 
One of the craft's main spectrometers, CRISM, 

has the power to see 544 near-infrared channels, 
allowing the MRO map to now include vital 
mineralogy and surface composition data. 





Global scale 

Before the HiRISE camera is put into action, 
the onboard Mars Color Imager (MARCI) begins 
taking wide-angle shots in relatively low resolution. 
It can take up to 84 images a day, creating a vast 
map of the Martian surface. The MARCI sees five 
visible bands and two ultraviolet bands. 





4. Capture and return 

In order to capture high resolution details up 
to 30cm/pixel (11.8in/pixel), NASA uses the MRO's 
HiRISE camera. Pointed at a desired location based 
on data collected by CRISM and CTX, the super 
deep-space lens can capture detailed shots of the 
Martian surface and beam them back to NASA. 
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Written by Laura Mears 


What would it feel like to visit some 
of the strangest places in space? 














be familiar to Star Wars fans, but it’s two stars, one red and one orange. A 

more than just science fiction. While If you could stand on the surface ‘ 
O-S Bis WOT we orbit a lone star, a lot of the stars (which, unfortunately, you couldn't), 

that we can see come in pairs. you would look up into the sky and 

In these so-called ‘binary systems’, see two spheres of light; the orange 

the stars are close enough that their one three-times larger and 100-times 

gravitational fields interact, and they brighter than the red. The two stars 

orbit together around a point called are closer together than the Sun and 

their common centre of mass, which Mercury and would appear next to 

usually sits somewhere in between. one another in the sky. Sunsets would 

It Wasn't always clear whether it was be stunning, changing from day to 

possible for a planet like Tatooine day as the stars orbit one another 

“~ tO exist around a pair of stars, but in the distance, and occasionally 
that all changed in 2011 when NASA there would be an eclipse that would 
=lohelelebs les mas Renee (om meyin Ccp) (at produce a ring of orange light. 
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Black holes are some of the most feared 
objects in the universe and falling 
into one might seem like the stuff of 
nightmares, but the reality might be 
less traumatising than you imagine. 

If you came too close to a small 
jo) Tela nto) (<mole mi (elellemelomre)anm- leva 
before you even reached the event 
horizon; tidal forces would stretch your 
body like spaghetti. However, if you 
circled a bigger black hole, like the one 
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at the centre of the Milky Way, you’d be 
able to get right into the action. With 
the most massive black holes, the tidal 
forces outside of thelgyent horizon are 
lessened, so you woul@be able to enter 
unharmed. However, as you cross over, 
the laws of physics go a bit wrong. 

To an outside observer you would 
appear to stretch as you approached it, 
and when you finally reached the edge 
you would stop, getting redder and 


lel litnteae(o)/anle-mp)evelc@lse)(s 


dimmer. But from your point of view, 
you'd still be falling. 

Inside the black hole, time dilates. 
You would be on a one-way tip 
towards the centre, a point known as 
the singularity, but it would take a 
while to get there. Before you arrived 
there, you might have time to take 
in the-sights - looking at the things 
that had fallen in before you, and the 
things coming in behind. 
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On Earth, the ability to fly is 
superhuman - the stuff of science 
fiction - but there are places in space 
where it might just be possible for 
humans to fly. One of the closest 
candidates is Saturn's moon, Titan. 
Titan is the only moon in the Solar 
System with a proper atmosphere. 
Like our own, it is mostly nitrogen, but 
instead of oxygen and carbon dioxide, 
Titan has methane, ammonia, argon 
and even ethanol (alcohol). It is just 
2.2 per cent of the mass of Earth, but 
its atmosphere is 1.5-times thicker, 
and the combination makes for almost 
perfect human flying conditions. 
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On Earth, we struggle to fly 
because we cannot generate enough 
lift, but on Titan there would be 
less gravity weighing us down, and 
more air molecules to push against. 
Students at the University of Leicester 
worked out that, under these strange 
conditions, a person wearing a 
wingsuit could fly like a bird. 

To use a normal wingsuit you 
would need a very good run up to get 
into the air, reaching speeds normally 
reserved for elite athletes, but with 
larger wings it would even be possible 
for an average runner to become 
airborne on Titan. 


3 Interstellar travel — 
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There are currently five spacecraft 
on their way out of the Solar System 
- Pioneer 10, Pioneer 11, Voyager 1, 
Voyager 2 and New Horizons. The first 
four set off in the 1970s, and it wasn't 
until 2013 that Voyager 1 became the 
first man-made object to leave the 
Sun's gas bubble and make its way out 
into interstellar space. But travelling 
long distances in space is slow. 

The nearest star, Proxima Centauri, 
is 4.2 light years away. Travelling 
at 29,000 kilometres (18,020 miles) 
per hour with one of NASA's Space 
Shuttles, it would take 160,000 years 
to get there. But what if we could 
go faster? The maximum speed ever 
reached by humans in space was by 


_ Apollo 10 at 40,000 kilometres (24,855 


miles) per hour. But as speeds increase, 


space becomes more dangerous. A stray 


jeX=10)B) (omer te} cause havoc to a speeding 
car on the metorway, so in space even 
the tiniest particles become lethal 
weapons. Space isn't a perfect vacuum, 
and hydrogen atoms would crash into 


Ps the surface of spacecraft, shattering and 
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ities 

Average atmospheric pressure: 1,500mb 
Average surface temperature: -180°C (-292°F) 
Atmosphere: O-6% Other hydrocarbons 






Earth 
Average atmospheric pressure: 1,014mb 
Average surface temperature: 15°C (59°F) 





Atmosphere: 1% Argon 
Water vapour, ozone and carbon dioxide 
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Jupiter's moon Europa looks like a 
solid ball of ice from the outside, but 
beneath the cracked surface is a liquid 
ocean. Though far from the warming 
rays of the Sun, as the moon orbits 
its massive parent planet, tidal forces 
melt the interior. This hidden ocean 
is one of the best local candidates for 
extraterrestrial life. 

Diving in Europa’s oceans would 
be the trip of a lifetime, but actually 
reaching the water would be a 


challenge. On the surface of the moon, 


the temperature tops out at an icy 
-130 degrées Celsius (-202 degrees 
Fahrenheit) and plunges to less than 
-223 degrees Celsius (-370 degrees 
Fahrenheit). Though there is liquid 
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beneath the icy surface, Europa’'s 
oceans are completely covered in a 
hard, frozen shell that is estimated 
to be more than ten kilometres (6.2 
miles) thick. 

Scientists expect that drilling a hole 
through the layer of ice would reveal 
a briny ocean, containing particles of 
rock that have dissolved into the water 
from the hard core at the centre of 
the moon. A trip down to the bottom 
could even reveal hydrothermal vents. 
The water is tens or even hundreds of 
Kal Coyantcjacocm (o)mentilas) melo -nele mm vaiunl 
such a thick icy covering, no sunlight 
would be able to penetrate the surface 
of Europa. So explorers hoping to spot 


signs of life would need to take a torch. 
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Falling down a black hole 


oceans 
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The surface of Venus is no place for 
a human. The atmosphere is mostly 
carbon dioxide, creating a runaway 
greenhouse effect that has heated the 
surface to temperatures hot enough to 
melt lead. The ground is littered with 
active volcanoes, the atmosphere is 
dense enough to crush your bones, 
and clouds of skin-sizzling sulphuric 
acid hang in the air. 

Higher up, however, conditions are 
better. About 50 kilometres (31 miles) 


on Earth, but our atmosphere isn't 


the only one with a breeze. For a real 


adventure sport extremist, there 
more exciting places to set a-Sail” 
Believe it or not, we afe sitting 
inside the Sun's atafOsphere" The ball 
of light that we’See in the sky is just 
the beginning; the very outer layer 
of theSun’s atmosphere, the corona, 
stretches out farther than Pluto. 
Surfers on Earth typically aim to 
catch winds of between seven and 
18 knots (13 and 33 kilometres per 





hour, or eight and 21 miles per‘houn), 


using the movement ofyair particles 
over the curved sail’ 0 generate the 
pressure differences needed to propel 
them forwards. 

Solar wind, on the other hand, 
reaches speeds of 24,000 kilometres 
(14,913 miles) per hour, and instead 
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to pick up'speed. 


5 jple)eclineziiioe 


above the surface, the temperatures 
are closer to a warm spring day back 
on Earth, and a hot air balloon could 
provide the perfect mode of transport 
for a space tourist. 

Unfortunately, the view down to 
the surface below would be obscured 
loyvarce-tom- bale mello) blelsm-velemantcscomncelelel 
be little choice about the direction 
of travel. The winds in the upper 
part of Venus’ atmosphere are very 
strong, reaching speeds of up to 400 





i being driven by thesmovement of 


gas, it is the movement of photons 
of light. Photons.do not have 
any mass, but when they 







It would be a slow 
start, but after three 
years of solar-windsurfing, 
you could be travelling at 


speeds of up to 240,000 kilometres. “* 


(149,129 miles) per hour, blowing 
Earth’s best windsurfers completely 
out of the water. 
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kilometres (250 miles) per hour. The 
gravity also varies depending on the 
terrain, which could cause the balloon 
to bob up and down as it is buffeted 
by the weather. 

It might not be the smoothest 
of rides and the consequences 
of a balloon puncture would be 
catastrophic, but it would be a good 
way of exploring Earth's inhospitable 
twin without having to descend to 
the surface. 
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Windsurfing is a popular sport here—- 
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Falling down a black hole 


According to film directors, asteroid 
belts.aredangerous places, littered with 
chunks of rock spinning wildly in all 
directions, and any attempt to take a 
Spacecraft through is suicide. Or is it? 
The asteroid belt between Mars 
and Jupiter contains an estimated 1.2 
million chunks of rock more than one 
kilometre (0.62 miles) wide - bigger 
than the tallest skyscrapers. The 
smaller chunks are uncountable. Each 
has the potential to be a deadly hazard 
Spacecraft and, when faced with a 
imilar field of rocks, Star Wars’ C3PO 
redicted the chance of a successful 
ip through was just one in 3,720. 
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He was wrong. A total of 12 
spacecraft have made it through our 
asteroid belt unharmed - that's a 100 
per cent success rate - and there was 
no impressive flying involved. In fact, 
when Cassini travelled through in 
2000, no adjustments were made to 
the flight path at all. 

Planetary scientists suggest that 
a similar trip through our own 
asteroid belt would be fairly easy. 
The asteroids are so far apart that 
the chances of a craft colliding with 
one of these lumps of space rock are 
less than one in a billion. You could 
probably do it with your eyes closed! 





Falling down a black hole 
CC 
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Of all the moons in the Solar System, 
Enceladus might just be the best 
place to ski. Located about 1.2 billion 
kilometres (746 million miles) from 
the Sun in orbit around the gas giant, 
Saturn, it would be a six year round- 
trip, but according to Dr Paul Schenk 
of the Lunar and Planetary Institute, it 
might just be worth it. 

Enceladus is a frozen world with 
jets that shoot out of its surface, 





and ice crystals that fall back to the 
ground like snow. The snowfall is 
barely noticeable, building up on the 
ground at a rate of just fractions of a 
millimetre every year, and the flakes 
are finer than talcum powder. 
High-resolution maps of the surface 
have revealed two lines of terrain 
that seem to receive most of the icy 
spray. There is one on each side of 
the moon, and if the powder is thick 


enough, mountains in these regions 
could provide a butter-smooth surface 
for skiers. 

Navigating the slopes would be 
a challenge though; the maps of 
Enceladus reveal wide cracks and 
canyons that run hundreds of metres 
deep below the surface. Skiers might 
be able to build up some speed, but 
a misstep during a downhill descent 
could spell catastrophe. 
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The historic landing of the Philae 
probe in 2014 is a demonstration of 
how easy it would be to misjudge a 
jump on the surface of a comet. At 
just 4.5 kilometres (2.8 miles) across, 
67P/Churyumov-Gerasimenko is not 
much larger than a town, and asa 
result its gravitational pull is hundreds 
o}imantolulsevalelsMe)munna(scm (srl comunrvel 
the one we are used to. Even on the 
moon, astronauts struggled to keep 
both feet on the ground, bouncing 
from place to place rather than 
walking, but on a comet the effects 
would be even more dramatic. 

In 2014, when the fridge-sized _ 
Philae lander approached the surface 
of 67P/Churyumov-Gerasimenko, it 
was travelling at less than walking 
speed and yet it still managed to 
bounce one kilometre (0.62 miles) up 
into the sky. 

jebenye)ietcmejsmua(m@o)ensmeelbllemsarel 
in disaster. According to Rhett Allain, 
associate professor of physics at the 
Southeastern Louisiana University, 
an average human in a spacesuit 
could easily jump 90 kilometres (56 
miles) away from the surface of a 
67P/Churyumov-Gerasimenko-sized 
comet in one bound, leaping clean off 
the surface and out into space. If you 
wanted to stay onboard long enough 
to explore, you may have to shuffle. 
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Neutron stars are some of the densest 
objects found in the universe. They 
are more massive than the Sun but 
are barely more than 25 kilometres 
(15.5 miles) across. 

These strange objects are formed 
when massive stars die; as they run 
out of fuel, there is nothing to oppose 
the force of gravity and the layers of 
dust and gas come crashing in. They 
pack tighter and tighter together, 
until eventually electrons and protons 
Start to fuse. This produces neutrons, 
hence the name ‘neutron star’, 

If you could step onto a neutron 
star, the gravity would be so intense 
datlanyolemy (lel lem eycmarluccielcemunnte(cis 
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9 Walking on a 
NEUTRON STAR 










































the weight of your own body. But, 
imagine if you could survive, what 
would it be like on the surface? 

A star spins faster when its mass 
crunches inwards, just as a ballet 
dancer brings their arms in to rotate 
faster, and neutron stars really spin! 
They rotate thousands of times every 
second. If you could stand on the 
surface, days would blur into nights 
in less than the blink of an eye, and 
holidays would be over before they 
had even begun. 

Gravity is so strong that light would 
be visibly bent, and the magnetic 
field is so strong that there would be 
electric currents on the surface. 
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Future Tech Space-based solar power 


Space-based. 
SO RIMS e Nia 


Sunlight is abundant just outside Earth, and soon we 
may be able to capture it there for use on our planet 











Phased array "© 

The beam may need to be 
pointed at different receiving 
stations, it can be steered 
without moving the SPS | 

by pulsing the microwave | 
transmitters in patterns. 





Microwave beam 
The power is beamed 
back down to Earth by 
microwaves at 2.45GHz. 
These can pass through 
clouds efficiently and 
can be received by an 
array of radio antennae. 


® Receiving stations 
The microwave beam will 

be spread out over 10km 

(6.2mi) by the time it reaches 

Earth, so the receiver could 

be wires stretched out 

over fields, with farming 

continuing underneath. 













Photovoltaic ™ 
modules 
More standard 
hexagons are covered 
with photovoltaic solar 





Microwave 
transmitters 
Fitted to the back of the 
(ere) |(=Yeice) mi antelel0|(=cw-l n=) 











microwave transmitters, 
these use the electricity 
to create a steerable 
microwave beam by 
working in parallel. 


panels, these form the 
(oo) | (=ei Ko) pmrere) ANY (=m tat 
the concentrated light 
into electricity. 
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Semeye)-]mee)arecialireicele 
Hexagonal modules 
carrying extending foil 
mirrors link together to 
form a concentrating 
mirror, collecting sunlight 
over a large area. 










~ Configurable structures 
Because it is formed from 
many individual modules, the 
SPS can be assembled in many 
different ways, depending on 
its precise mission. 





© Geostationary orbit 
At an altitude of 35,786km 
(22,236mi), satellites take 24 
hours to orbit, and so stay over 
the same point on Earth. This 
makes reception simpler, and 
the SPS will be in daylight 90 
per cent of the time. 


“The Earth receives more solar 


energy in one hour than humanity 


uses 1n one year, and in space it is 
undiminished by the atmosphere” 
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Space-based solar power 





Space-based solar power (SBSP), the idea of collecting 
solar power in space for use on Earth, is potentially 
one of the most important applications that cheaper 
launches could make possible. SBSP was first studied 
in the 1970s by NASA and the US Department of 
Energy (DoE), and established designs have always 
called for rigid structures much larger than the 
International Space Station (ISS). These would be 
assembled in orbit by astronauts, but researcher John 
C Mankins has an alternative plan. 

We are used to solar panels on satellites and the 
ISS, but how can panels in space be used on Earth? 
The Earth receives more solar energy in one hour 
than humanity uses in one year, and in space it is 
undiminished by the atmosphere; a solar panel in 
geostationary orbit (GEO, which takes 24 hours and 
hovers over the same point) is in sunlight 90 per 
cent of the time. But GEO is 35,786 kilometres (22,236 
miles) high, so how can we get the power down? 
Most studies settle on beaming it down to a receiver 
with microwaves, which would reach the ground 
whatever the weather and be converted directly 
to electricity by a large area of radio antennae. It 
may sound hazardous, but the beam would spread 
out over a ten-square-kilometre (6.2-square-mile) 
area - birds could safely fly through it and the area 
underneath the aerials could be used for farming. 

So far so good - clean, reliable solar power, 
beaming down 90 per cent of the time - so why don't 
we have this already? The NASA/DoE study estimates 
the panels would need to be over one kilometre (0.62 
miles) across and would take over 100 heavy-lift 
launch vehicles to put up. We'd require a lot of very 
expensive hardware to be assembled in orbit, after 
many expensive launches. However, Mankins - a 
Space consultant and NASA alumni - has proposed 
a new and more practical approach to SBSP. His 
concept, Solar Power Satellite via Arbitrarily Large 
Phased Array (SPS-ALPHA) would use three types of 
mass-produced components, hexagonal frames four 
metres (13 feet) across, deployable metal beams and 
connecting links. All the parts of the SPS-ALPHA 
would be built on the hexagonal frames; reflecting 
panels from one frame with an extending beam at 
each corner that would spread out foil to make a 
mirror. The generating panels would use the same 
frame but would be covered with solar cells on one- 
side and microwave generators on the other. 

All of these modular panels could be stacked and 
launched inside a normal rocket fairing, and could be 
assembled with double-ended robot arms that walk 
about the hexagonal frames. The frames would be 
joined to make a concentrating mirror that focuses 
sunlight onto the generating panels; these produce 
electricity, convert it into microwaves and beam it 
back to Earth. The microwave beam could then be 
steered, without having to move the SPS-ALPHA, 
by pulsing the generating panels in pattern - the 
“phased array” in the title. Because it is made from 
modular panels, the SPS-ALPHA could be built in 
different configurations and expanded over time 
as needed. It would be a big project to launch an 
SPS-ALPHA, but by creating it from mass-produced, 
self-assembling modules, Mankins' concept cuts the 
cost of manufacture, launch, assembly and operation, 
and offers consistent solar power on a large scale - 
something the world is in great need of. @ 
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Who owns the Moon? 









For the first time since the Apollo era, human 

Space exploration is capturing the zeitgeist, with 
science fact and fiction blurring in a flurry of 

media excitement. Private companies are seeking 
investment to mine asteroids and groups of 
individuals are looking to raise money to embark on 
the colonisation of Mars. Never in human history 
has outer space seemed so accessible or replete with 
possibility. But along with the formidable technical 
and engineering challenges facing such ventures 
are more prosaic issues regarding the rules and 
regulations for human space endeavour. As humanity 
moves away from low Earth orbit, the existing laws 
governing space activity will come under increasing 
scrutiny. It is a good time then, to look at how the 
law regarding space activity has evolved and how 

it could respond to space mining and, beyond that, 
the colonisation of other planets. If space mining 
and colonisation provide the rich resources that they 
promise, a robust legal framework will be needed. 
Otherwise, the dream of space entrepreneurs could 
become mired in conflict and litigation. 

At first glance, 25 November 2015 might not 
appear to be particularly noteworthy in respect of 
human space activity. Yet, the signing of the Space 
Resource Exploration and Utilization Act (part of the 
Commercial Space Launch Competitiveness Act) on 
this date means that it may well be one of the most 
significant days in the history of space mining. This 
piece of legislation, passed by the United States, is the 
first attempt by a nation at putting in place a legal 
framework for dealing with resources obtained by 
private companies from outer space mining. When 
the laws governing space activity were drawn up in 
the first years of human space exploration, there was 
no conception that this type of activity would ever 
move beyond the pages of science fiction novels. 

In the late 1950s, under the umbrella of the United 
Nations, the Committee on the Peaceful Uses of 
Outer Space (COPUOS) established the rules that 
would lay down the basis of the regulation of space 
activity for the next 60 years. 

The early formulations of space law, through 
UN General Assembly Resolutions, established a 
well-defined consensus preventing nations from 
claiming outer space for themselves, as well as 
the need for outer space to remain peaceful (if not 
entirely demilitarised) and specified that nations 
are responsible for their own space activities. The 
central trunk of space law is based on a treaty signed 
by over 100 members of the United Nations. Known 
colloquially as the Outer Space Treaty - or OST - of 
1967 (the full title is somewhat lengthy: The Treaty 
on Principles Governing the Activities of States in 
the Exploration and Use of Outer Space Including 
the Moon and Other Celestial Bodies), it provides the 
basic framework in international law for all space 
activity and spawned a further four treaties. 

Written at a time of tension between the USA 
and the Soviet Union, it is clear that those drafting 
the treaty wanted to prevent outer space becoming 
another theatre of conflict between the two 
dominant superpowers. Individual nations were 
made responsible for their space activities and 
retained responsibility for licensing jurisdiction and 
control of spacecraft and personnel. Significantly, the 
use of nuclear weapons in space was banned, which 
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Private companies such as ULA, 
SpaceX and Blue Origin are able to 

operate legally in space thanks to 
the Outer Space Treaty 
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Who owns the Moon? 


initially attracted the most attention and reflected the 
concerns of the time. 

Addressing this desire for peaceful expansion 
in space, Article I of the Outer Space Treaty is 
aspirational in nature. It states that the exploration 
and use of outer space shall be carried out for the 
benefit and in the interests of all countries and shall 
be the province of all mankind. While this is difficult 
to translate into a specific legal duty, it does at least 
provide guidance as to the spirit in which space 
exploration should be undertaken. Article I of the 
Outer Space Treaty is, however, much more explicit 
and is crucial to understanding the current legal 
position in regards to space mining. The treaty says 
that outer space and celestial bodies are “not subject 
to national appropriation by claim of sovereignty, by 
means of use or occupation, or by any other means.” 


In practical terms, the position in international law is 
that no nation can lay territorial claim to the Moon or 
any other celestial body. The Stars and Stripes left on 
the Moon by the Apollo astronauts is therefore purely 
symbolic - the United States, nor any other nation, 
can ever own the Moon. 

Neither the Outer Space Treaty nor the other space 
treaties of the United Nations make any distinction 
between the Moon and other celestial bodies such as 
planets, asteroids, comets or even the Sun, seeking 
instead to make the whole of outer space a ‘galactic 
commons’. Still, this has not stopped opportunistic 
businesses selling certificates promising lunar real 
estate or the naming of a star. You may even have 
bought one yourself, or given or received one as 
a gift. Unfortunately, your claim to a plot of land 
on the Moon or your right to name a star face two 


“Unfortunately, your certificate saying 
you own a plot of land on the Moon 
isn't worth the paper it is written on” 
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According to international law, no 
one can lay territorial claim to the 
Moon or any other celestial body, 
so the flag.is purely’symbolic 





seemingly insurmountable problems. First, without 
legal recognition of a national court (and as already 
explained, such recognition is expressly prohibited 
by the Outer Space Treaty) these claims cannot 

be enforced. The second problem involves your 
intention to take possession. Any legal claim for land 
must be accompanied by an intention to occupy 
that land, and - currently - there is no way for you 
or other people in possession of these certificates 

to actually live on their lunar acre or star. The 
International Institute of Space Law, writing in 2006, 
makes the legal position clear: no one owns the 
Moon, and it certificates that claiming a lunar acre or 
naming a star do not have any legal effect. 

Given that the Outer Space Treaty was drafted at a 
time when space exploration required a superpower 
budget, it is unsurprising that it makes no mention 
of private space companies. The fact is, the Outer 
Space Treaty requires activities of ‘non-governmental 
entities in outer space to require authorisation and 
ongoing supervision’ - in other words, companies 
such as SpaceX, Blue Origin and United Launch 
Alliance must obtain permission from the United 
States government before they can launch rockets 
into space. Companies in other countries must also 
do the same from their own nation's government. 

In the same way, selling plots of lunar land or the 
naming rights of stars is also a commercial space 
activity and would require permission from the 
government to be legal (it's quite telling that no 
nation has ever licensed or approved such ownership 
schemes). The upshot of this is that, unfortunately, 
your certificate saying you own a plot of land on the 
Moon isn't worth the paper it is written on. 

But when it comes to the mining of outer space, 
the legal position is significantly more ambiguous. 
Mining companies and commercial entities have no 
interest in laying claims of ownership or sovereignty 
on the celestial bodies; they desire merely to 
exploit the environment and extract minerals and 
other natural resources from the likes of asteroids. 
Providing they are appropriately authorised by 
their state, the Outer Space Treaty allows private 
individuals and organisations to conduct activities 
in outer space and on celestial bodies. Where things 
become unclear is in regards to what can happen 
to the resources that are mined. The most crucial 
issue is whether companies can take ownership of 
the resources that they mine and, more importantly, 
make money from them. The trouble is, as we have 
already seen, taking possession of the resources 
would require legal recognition that the mining 
companies own those resources, which may run 
contrary to Article II of the Outer Space Treaty. 

By 1979, the United Nations recognised that 
this might cause an issue and therefore the last 
of the big international space treaties, the Moon 
Agreement, was created. This stipulated that the 
Moon and other celestial bodies were ‘the common 
heritage of mankind’ and any mining there should be 
administered by an international regime, mirroring 
the approaches taken in respect of the mining of 
minerals from the Earth's seabed. Yet there was no 
specific detail on how resources would be distributed. 
So far, only 16 states have signed the Moon 
Agreement and, significantly, no countries with an 
active human space programme (USA, Russia, China) 
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have signed up or even indicated broad approval. The 
Moon Agreement is, therefore, a failed treaty, and 
without any significant international support, it is 
unlikely to gain any traction. 

The failure of the Moon Agreement leaves a 
significant gap in the regulation of space activity. 
Without it, the legality of mining currently depends 
on a positive interpretation of Article II of the 
Outer Space Treaty, with a private company subject 
to appropriate state oversight. In other words, a 
company may get away with mining resources in 
outer space so long as their activities are supervised 
by their government. The key word there is ‘may’: as 
long as things remain ambiguous it will do little to 
reassure potential investors in mining companies that 
their investment is safe! These investors would want 
to be able to enjoy the financial rewards from the 
mining, free from any form of legal challenge as to 
the ownership of any minerals. It is at this point that 
the US Government has stepped in with the Space 
Resource Exploration and Utilisation Act 2015. This 
allows US companies to claim ownership rights to the 
materials they mine in space and provide permission 
for them to transport and sell those resources. 

Not everyone likes this new law, however. 
Although its proponents claim that it is consistent 
with the Outer Space Treaty in that the mining 
companies aren't claiming territory for themselves, 
What happens if two mining companies, perhaps 
operating in two different nations, claim the 
resources on the same asteroid, leading to dispute? 
In addition, some of these celestial bodies are of 
scientific importance and there's nothing in the 
new law to prevent these bodies from being ruined. 
Also, if you're not an American citizen or company, 
then you are excluded from recognition under the 
Act. Nevertheless, these objections are currently just 
hypothetical - the real challenge won't come until 
mining companies begin work and start to put the 
law to the test. 

When humans start to move deeper into space, 
colonising as well as mining, we will need new laws 
and treaties that build on the Outer Space Treaty in 
order to successfully govern these colonies. These 
laws will no longer be about regulating specific 
activities, they will be the foundations of a new 
society. Social planning, dispute resolution and 
criminal justice will all need to be considered when 
thinking about a long-term future away from Earth. 
Even before those considerations are addressed 
in any longer-term approach to regulating space 
settlements, the Outer Space Treaty presents a 
number of key challenges for space colonists. 

As with mining, the issue of sovereignty and 
ownership will feature highly in any discussion 
regarding the legal status of space colonies. As has 
already been stated, any mission, whether public or 
private, will need to be authorised by the government 
of the country from which it launches. A colony 
will, by definition, be occupying a celestial body 
and hence claiming it as their territory, which is in 
violation of the Outer Space Treaty. It is likely that, 
in the short term, a resolution similar to the one 
employed by the US in respect of space mining may 
well overcome this. This does not, however, provide 
a long-term solution. Who is going to tell colonists 
that the celestial body, upon which they have lived 
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Colonising the Moon 


Our lunar companion could serve as a stepping-stone 
in surviving on other worlds in the Solar System 








With a round-trip 
rorolanlanyelalcersid(e)ame(=1t-\Vmke) 
Earth being less than three 
seconds, it allows near- 

ne) aaa}Myce)(@=e-] ale MY(e(=re 
conversation and allows 
some kind of remote control 


of machines from our planet. 


Launching rockets 

A lunar base could serve as 
a site for launching rockets 
to Mars, using fuel that has 
been locally manufactured. 
It's easier to launch from the 
Moon than Earth since the 
gravity is lower. 


-~ ™» 








Humans in low gravity 
Colonising the Moon's surface 
means that we can find out 
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to long periods of low gravity 
that's one-sixth that of the 
Earth's. We can then use this 
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a colony on Mars. 


Building an observatory 
Making facilities for astronomical 
observations on the Moon from 
lunar materials would remove 
the need to launch building 
materials into space. The lunar 
soil can be mixed with carbon 
nanotubes to construct mirrors. 
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Who owns the Moon? 


for decades, is not really theirs? In addition, there 
are environmental issues, not recognised at the time 
of drafting the Outer Space Treaty, which will play 

a significant role in determining human conduct 
when building a home in outer space. Article IX of 
the Outer Space Treaty says that countries must 
conduct their space activities “so as to avoid their 
harmful contamination and also adverse changes 

in the environment of the Earth resulting from the 
introduction of extraterrestrial matter and, where 
necessary, [to] adopt appropriate measures for this 
purpose.” However, critics say that these provisions 
are unduly interested in protecting the activities of 
states rather than protecting the space environment. 
Even the contamination caused must be ‘harmful’ 
and the scope of this is not defined. Is leaving litter 
on Mars harmful in itself, or does it only become 
harmful when it destroys the environment of any 
hypothetical microbes that might live there? 

The environmental impact of human space 
activity is only beginning to be felt in low Earth orbit, 
with swarms of space debris polluting the space 
lanes and creating hazards for spacecraft in orbit 
around our planet. Any legal framework in respect 
of space colonies will need to be mindful of the 
potential damage to the delicate space environment, 
but mining and ultimately colonisation will 
unquestionably have an environmental impact. Any 
new treaties will need to reflect this if humanity is to 
avoid polluting outer space. 

Much of the discussion surrounding the legal 
issues of space exploration and exploitation is 
speculative and subject to advances in technology, 
simply because we haven't done much of it yet. 

So far, the Outer Space Treaty has remained the 
central trunk of international space law, guiding our 
behaviour in space. Even the American legislators 
in 2015 were still keen to emphasise compatibility 
and continuity with the Outer Space Treaty. For 
any student of space law, the first question to be 
addressed remains the same as it has been for the 
last 60 years: does the proposed activity offend 
against any provision of the Outer Space Treaty? 

Ultimately, however, there is one key assumption 
that the legal framework governing space is based 
on: that life will not be detected on any of the 
celestial bodies in the near future. But even the 
discovery of microbial, non-terrestrial life forms will 
fundamentally affect the legal regulation of all space 
activities. Humans landing on the Moon acted as 
the catalyst for change leading to the drafting of the 
Outer Space Treaty. The discovery of extraterrestrial 
life would cause a fundamental rethink in the way 
that human space activity is conducted. 

For example, would alien life forms have rights that 
would be recognised in human law? Could colonists 
keep them as pets, or bring them back to Earth 
where they could invade terrestrial environments 
in much the same way that transporting different 
species of plant to other countries can? It’s impossible 
to answer these questions now; we must wait for 
these situations to become reality before they can 
be challenged in law. With the law regarding space 
mining and colonisation still being very far from 


settled, humanity's expanding frontier in space is 
going to be equally challenged by the expanding 
frontier in law. @ 
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Why we should 
mine asteroids 


Asteroids provide natural resources to fuel the 
exploration of space and the prosperity on Earth 
as our population continues to grow 





Water-rich asteroid 


A single asteroid could produce enough fuel 
for every rocket launched throughout history 


| Fuel for rockets 
ys \ Air to breathe 
4 


One single 500m (1,640ft) @ 
water-rich asteroid | 
An asteroid of this size would 
produce over £3.47 trillion ($5 
trillion) worth of water for use Poel 
in space. It currently costs about | i ss ? 
£13,892 ($20,000) to send a litre 
of water from Earth to deep space. 


Water to drink 











Infinitely rich _ 
Asteroid mining will 
provide an almost 
infinite supply of 
platinum metals 
and water that can 
support us both on 
and off the Earth. 








# 
Plantinum-rich asteroid 
This type of asteroid contains more platinum metals 
than we have currently mined from the Earth to date 
s | Reduces the cost 
, nM | (o) =) (=e re) aoc 
One single 500m (1,640ft) @ ———— 
platinum-rich asteroid —_—o 
A 500m (1,640ft) platinum-rich asteroid is s Transport pat it 
worth about £2 trillion ($2.9 trillion), which ow requires crecuicity 


is more than our yearly output of platinum. 
Currently, 28 grams (one ounce) of platinum 
is valued at over £1,042 ($1,500). 


To create a 
greener Earth 
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A range of varied events from Mars to stargazing for beginners are held across the 
Dark Sky Park or why not hire your personal Dark Sky Ranger for a night and maximise your 
enjoyment of Galloway’s star studded night sky. 


For more information on how to hire a Dark Sky Ranger visit www.gsabiosphere.org.uk 
For information on our stargazing events check out our website www.forestry.gov.uk/darkskygalloway 
Follow us on www.facebook.com/darkskygalloway 





Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 


Courses available for enrolment all year round. 
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Searching for » 


Planet 9 | 


We caught up with astronomer Dr Mike Brown who, along with his 
colleague Dr Konstantin Batygin at Caltech in the US, has found 
evidence of a ninth planet on the outskirts of the Solar System 


Interviewed by David Crookes 








Dr Mike Brown 


Professor of planetary 
astronomy at the California 
Institute of Technology 
(Caltech), Dr Mike Brown 

is well known for being 

the man who killed Pluto 
(Cate (=t=Yo Ra alicmm Aiae=)mal-larel(eacs 
‘ @plutokiller). 
Named one of T/ME's ‘100 
Most Influential People’ 

in 2006, his team has 
discovered many trans- 
Neptunian objects including 
the dwarf planet, Eris.. 
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In January, your work hit the headlines when 

it was revealed yourself and Dr Konstantin 
Batygin had discovered convincing evidence of 
a planet beyond Pluto. Is it true your daughter, 
Lilah, insisted you find a ninth planet in the 
Solar System? 

It is. Five years ago she told me that she would 
forgive me for Pluto if I could find a new planet. I'm 
not going to suggest I wouldn't have done it anyway, 
but that’s what she said. 


Before the emergence of what is known | 

as Planet 9, you were famous for being 
instrumental in downgrading Pluto to the 
status of dwarf planet. Do you think it’s ironic 
you're now in the position of having found a 
“replacement” planet? . 

I can certainly see the irony but the search for 

this new planet really started for me 20 years ago. 
During that search, we found many other objects 
that turned out to be about the size of Pluto 

and it made us realise Pluto should no longer be 
considered a planet. Pluto is in many ways collateral 
damage to all of this, and now that we have 
evidence for Planet 9, you can see the difference. 
Planet 9 will be something like 5,000-times more 
massive than Pluto. It’s just an entirely different 
class of object and to pretend Pluto is anything like 
the rest of the planets is a little bit silly. 


Ten years ago, you said that you were 
convinced there were only eight planets in the 
Solar System. Back then, did you have a hunch 
that there would be a ninth? 

Absolutely not. I was pretty adamantly convinced 
that eight was all there was going ‘to be. It just didn't 
seem likely to me that there would be anything else 
out there and it was pretty clear that nothing else 
could have formed further out from the planets that 
we have now. I thought that was it, but I'd not yet 
considered the possibility of a planet forming within 
the inner Solar System and being ejected into an 
outer orbit like we think Planet 9 was. 


So how did the discovery come about? Were 
you looking at a particular area of space? 


Searching for Planet 9 


Over the past couple of years, two different 
teams of astronomers pointed out that there were 
somé’strange things going on in the outer Solar 
System: that some of the objects that travelled the 
furthest from the Sun seemed to be having a set of 
properties that were hard to explain. 

Both teams of astronomers suggested there was 
another planet in the outer Solar System but they 


* couldn't figure out how it could get there. Two years 


ago, I was looking through sets of data and I realised 
they had missed some of the key properties of the 
outer Solar System. I walked down the hall to my 
colleague Konstantin Batygin’s office and I said, 
“Look, there’s something going on out there and we 
need to figure this out.” That's. when it really started. 


There have been theories suggesting the early 
Solar System started not with four planetary 
cores that would go on to form Jupiter, Saturn, 
Uranus and Neptune, but five planetary cores... 
Yes, people had for the past decade suggested that 
perhaps more than four giant planets were in our 
Solar System and that one or more were ejected. In 
fact, even Konstantin and myself wrote a [scientific] 
paper talking about that a few years ago and 

now that fits in nicely together. The most likely 
explanation [for how Planet 9 came to be] is that this 
jo) ebalcjmpcoyenntcre mel (o\yom com Che-balelcw-DaeM@\\(<)p)aUNelomne mM Ele 
very early part of the Solar System and probably got 
a little too close to Jupiter and to Saturn. So, it was 
ejected to the outskirts of the Solar System. 


In terms of observing and finding evidence, six 
objects were thought to be influenced by the 
large object thought to be Planet 9. What are 
those six objects? 

The six objects that we started with are the six most 
distant travelling objects in the Solar System that 
we know of. They are in the part of the Kuiper Belt 
region that includes Pluto and Eris, but they are on 
very elliptical orbits. Those six all go off in about the 
Same direction when they are at their Most distant 
part of their orbits, and that was the clue that got 

us searching on the case. After we found those six ° 
and we started looking at it, we realised that Planet 
9 was also responsible for another set of five objects, 
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Interview Searching for Planet 9 


Planet 9 is larger than Earth and 
likely smaller than Neptune, sitting in 
between the two in terms of size 


Planet 9 


“We know the effects and the orbit of 
Planet 9 and its path through the sky, 
but we don't know exactly where it is” 


doing entirely different sorts of strange behaviour, 
and then probably another 13 or 14 that are closer in 
and being mildly affected. There's quite a big family 
of objects affected by Planet 9. 


It hasn't yet been possible to observe Planet 

9 directly. Have the findings come through 
computer modelling? 

That’s the hard part. We haven't seen it yet. We don't 
know exactly where Planet 9 is right now. We know 
its effects and we know its orbit and therefore its path 
through the sky, but we don't know exactly where it 
is [right now]. 


But you're hoping it will be spotted and directly 
observed, which is why you have released your 
findings now, isn't it? 

That’s exactly right. I've had a lot of discussions with 
people who have access to telescopes that can look 
for Planet 9 and I've spoken to people who may be 
able to find Planet 9 by looking more carefully at 
their data. There's a good chance that it could be 
found very quickly, and with more people on the task 
we may be able to find it in the next five years. 


Dr Brown believes that by using super-telescopes to 
search the night sky and looking more carefully at 
existing data, we may find Planet 9 within five years 
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Of the various different telescopes coming into 
operation, are there any in particular you feel are 
better suited? 

Yes, the super-telescope on the summit of Mauna 
Kea in Hawaii. The reason the super-telescope is so 
important is that it’s the only large telescope with a 
super wide field of view camera on it, so we can take 
pictures with that camera and cover vast areas of 
sky all at once and that's the key to finding things. 
We need to find them quickly by covering a lot of 
sky but we also need to find the faint ones by going 
quite deep. We started using this a year ago and it's 
continuing, so we hope it happens some time soon. 








Planet 9 is said to be ten-times the mass of Earth. 
How do you know? 

That comes from the computer simulations. To have 
the effects on the outer Solar System that it does, it 
needs to be at least ten Earth masses. It might be 
more. I'm resistant to the fact it may be more, but 

the computer simulations say it could be. But I think 
it's very much like Neptune - a gas giant that is 
dominating this huge region. 





What would it be like? 

Very cold but, right now, all I can guess is that it’s 
similar to Neptune. I can't wait to find it and see what 
it will be like but that's all we have to work with right 
now. Will it have moons or rings? We just don't know 
right now. 


But it won't have life, will it? 

If you really wanted to speculate you could say, oh 
gee, maybe it has a moon like Europa and an ocean 
or something but that seems like a pretty big stretch 
to me. 


How long would it take to get there? 

There are proposals for sending spacecraft to the 
outer Solar System really quickly, so you could 
potentially get there in ten or 15 years depending on 
exactly how far away it is. The idea is that you head 
straight towards the Sun and come in close to get 

a huge gravitational sling shot off the Sun. At the 





Same time, you turn your rocket engines on full and 
deplete all your fuel. The spacecraft ends up going 
super fast and zipping out to where Planet 9 is. I 
think once the planet is spotted, the rush to think 
about how to actually get there will definitely be on. 


What does the evidence of Planet 9 tell us about 
the Solar System? 

The Solar System has always seemed to be an 
oddball and we haven't found anything quite like it. 
What is interesting [with the prediction of Planet 9], is 
that we always say the most common type of planet 
in the entire galaxy is one somewhere between the 
mass of the Earth and the mass of Neptune, but isn't 
it strange that we don't have anything like that in the 
Solar System? Now it looks that we do. 

Another thing is that most planets in the galaxy 
are on eccentric orbits and all of our planets are on 
these circular orbits. Suddenly, Planet 9 makes us 
look much more like the rest of the galaxy. So, one 
of the big implications, for me, is that by finding 
this very strange planet on the outer edge of our 
Solar System, the Solar System becomes much more 
normal than it was before. 


Alan Stern, the principal investigator of the New 
Horizons mission to Pluto, is quoted as saying he 
is withholding judgement on this prediction. He 
says such predictions come every few years and 
none have so far yielded any discoveries. What 
makes this different? 

It’s absolutely true. I would say for 100 years people 
have been predicting another planet outside of the 
known planets and for 100 years the predictions have 
all been wrong. Mostly the ones that are wrong are 
wrong because the data was bad in some way but 
one thing we know for sure is that we don't have 
bad data. These objects are really there and they are 
really doing what we see that they are doing. So the 
true question is: are we misinterpreting the data? We 
don’t think that we are. But one of the nice things 
about having published this paper is how other 
astronomers can go and look at the data and make 
their own interpretations, and we think the best part 
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of this is that our prediction of Planet 9 makes very 


= ; / According to Brown and Batygin, the six most 
strong predictions about what else will be found in { 


distant known objects in the Solar System line up in 

the Solar System. \ | a single direction. They tilt away from the plane of 
Even if we don't find Planet 9 right away, what , a the Solar System which the astronomers say is due 

we should find are more objects moving on these \ 2013 RF98 ‘a to a body - Planet 9 - anti-aligning with them 

peculiar patterns that we have and they shouldn't be ' \ _ ae 

in other places. So if astronomers start to find other \ 2004 VNT112 (\ an 


objects that are not where we said they were going to \ \ / 


be, then I think that would be pretty strong proof that \, \ | « 2012 VP113 


we were wrong and that we were misinterpreting yleley, 1G422 
the data. If we continue to find objects right where 

we say we would find them, that’s the hallmark of a 

good scientific theory to make predictions that come 

true. It makes you start to believe these things really 


are happening. Sedna 


Is this the limit though? Do you think you could 
find a tenth planet? 

There's no reason why it should be [the limit]. We 
certainly don't have any evidence right now that 
there’s anything beyond the ninth planet. But there 
certainly could be. The only reason that we can tell 
Planet 9 is there is because we can see its effects 

on these distant Kuiper Belt objects. We don't really 
know anything about the area of space beyond Planet 
9, so we don't have anything telling us what's going 
on at all and we don't have any way to know, but it’s 


Planet 9 

















not impossible. Brown was instrumental in 


downgrading Pluto to dwarf 
What about possible names for Planet 9? Lilah? planet status. This image was 
Pluto, even? taken by New Horizons 


You know, I actually and honestly have not thought in July last year 
about names for it. When it is discovered, there will 

need to be a larger conversation about what the name 

should be. We need to wait and see and what it looks 

like and what the world thinks it should be called. 


From a personal perspective, finding evidence of 
a new planet is a dream, isn't it? 

Absolutely. It's happened two times in history and so 
to be involved in the third, well, it’s kind of what I've 
been trying to do for the past 20 years, so it would be 
pretty exciting. At that point I can retire to my farm 
and not have to look through a telescope again. @ 
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Brown and Konstantin Batygin detailed their 
findings of a ninth planet in the Astronomical 
Journalin a paper titled, ‘Evidence For A Distant 
Giant Planet In The Solar System’ 
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Focus on Goodbye, Philae 


| . 


taf 


Good 


After several failed attempts 
to make contact with the 
first spacecraft to land 

on a comet, the ESA has 
declared the mission over 


Situated on a dark stretch of Comet 67P/ Pr we s 
Churyumov-Gerasimenko, the Philae lander has. * ~~ 
begun its permanent sleep after failing to respondto » ~~ 
the last-ditch attempts to wake it. With Comet 67... 
progressively moving further away from the Sun, ' : 
the lander will be unable to recharge as the surface 
gets too cold and dim for Philae to survive. 

Last month, mission managers at the German 
Aerospace Centre in Cologne sent a signal to the 
lander, commanding it to spin its internal flywheel 
in an attempt to dislodge it from its shady landing 
spot. Hopes of getting more sunlight onto its solar 
panels in order to recharge the craft's batteries were 
dashed as Philae failed to stir. 

Philae landed - after bouncing awkwardly - on 
the surface of Comet 67P during November 2014 
and operated for just under three days before falling 
into hibernation. As the comet approached the 
Sun back in 2015, Philae was able to recharge its 
batteries, allowing the European Space Agency to 
re-establish sporadic contact in June. 

In the meantime, however, Rosetta - the 
spacecraft that originally carried the lander to the 
comet - is still going strong. It is hoped that the 
probe will enter a low orbit around Comet 67P to get 
a visual of Philae in its final resting place. @ 


G. 
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Philae bounced awkwardly when it 
landed on Comet 67P in 2014 
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Goodbye, Philae 


Despite several attempts, 

the European Space Agency 
have been unable to 
establish contact with Philae 


Philae landed on a shaded region of 
Comet 67P/Churyumov-Gerasimenko, 
only communicating with Earth 
when it had enough solar power 
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In proud association with a Can we make tC - : 
ate Intemational Sp. 
pe Station bigger? 


Education Officer 
W@ Sophie studied 








YOURQUESTIONS 
ANSWERED BY 


PaHODIVSSai Derek Rigsby component was launched in 1998, 
university. She has Yes, we can make the International the station has slowly been built and 
aspecial interest in Space Station bigger and, in fact, we expanded, one piece at a time. 
astrobiology and have done so several times during Recently, there have been several 
pale ecielce its career. One of the benefits of the announcements that the International 
design of the orbital laboratory is that Space Station has been finished. 
Josh Barker it is completely modular in design. However, we still see small changes 
| Education Team The station in its current layout to the station itself. All the involved 
Presenter : ‘ ; : 
mi Hevinzeameda would be completely impossible agencies have confirmed that the 
master’s in physics to fly in one piece. It is far too big station will be funded until 2024 - “ 
and astrophysics, Josh and, currently, there are no rockets but NASA have no plans toaddany »® 7 
continues to pursue his big enough to lift it. Since the first further components. JB 4 
interest in space at the i 
National Space Centre. = 





Gemma Lavender 
Deputy Editor 
i Gemmaholds a 
master's degree in 
astrophysics, is a 
Fellow of the Royal 
Astronomical Society 
and Associate Member 
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Is it possible 
to have an egg- 
shaped planet? 






# of the Institute of Physics ioe ee % i * 3 ; Germaine Hunt 
RAs a" My is x ee i : It is very unlikely we would get an egg- 
| | wns n ek i) shaped planet for a number of reasons, 
eee neal nan se ie eg iG sa the main one being that as objects get 
in physics with ae yt); ot ¢ = N, r Lae caer a ee Poo 
seciMe SYA 3 gee ae " hy at more spherical, as we see a balancing of 
master's in hybrid rocket poutieans ee) ELBA the gravitational forces acting on their 
engine design. He se Ki Rie. gon ee a surface. Small objects are generally 
ene ne | a ¥ aa a. th! misshapen, with objects like asteroids 
PM te often found to be all shapes and sizes. 
i He dee Or The official definition of a planet, 


brought about by the International 
Astronomical Union, states that an 
object must ‘have enough gravity to 





Planets are near- 





spherical, however, pull itself into a spherical shape’. This 
Sell mele) (ees definition, coincidently the one that 
such as moons and demoted Pluto, was established in 
asteroids are often 2006. Unless this rule is changed, by 
misshapen and aS definition we can never label an egg- 
in all shapes and sizes 


shaped world as a planet. JB 
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4. ASTRONOMY 


Will there be Hewieee deele Can 
datcelercdamitcdate pollution in/the uture? iq 


Ben Heart 
Radio telescopes can be used to 
observe the universe in a part of t 
electromagnetic spectrum not affected 
by light pollution. However, not 
everyone has their own fadio telescope! 
Some technology does exist to 
minimise the impact of light pollution 
but there is no perfect solution. 

Light pollution reduction (LPR) filters 


only allow through specific wavelengths 


of light - ideal if the wavelengths you 
want to observe are different from 
those within the light pollution. You 


can easily cut out the light from sodium % 


street lights, but this will only cut out 
one source of light pollution. 
If you're looking at specific objects, 

such as emission nebula, you can use 

! narrowband filters, although they will 
make the rest of the sky appear dark. 
These cut out all wavelengths except 
those in a very narrow range, which are 
emitted by certain types of object. SA 
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Radio telescopes are able 





ii / 1) to peer through light 
| / pollution, however, man 
| amateur,astronomers 
| EM (ou ve) Settle for light 
| | <I Shri filters 
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Can I replace 
a chipped 
telescope lens? 


Terry Oak 

Unfortunately, lenses are often the 
most expensive element of a telescope. 
Getting a high quality lens can be 
costly, as the better the optic system 
the better the pictures and resolution 
a user can expect. If one of these 
elements is damaged, the quality of 
the scope will deteriorate. 

But replacing these elements should 
return the telescope to its full standard, 
although it can be a little tricky 
depending on the size and precision 
required for the lens. The smaller the 
lens the cheaper it will be to repair or 
replace, and the easiest solution would 
be to get in contact with a local optical 
specialist and ask for a quote. SA 
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Voyager 1 sends regular radio 
signals (which travel at the 
speed of light) back to Earth 
to track its progress 





an calculate jt 
s from Earth. § 









Does the Moon 
really havea 
alates alate 


Tanya Banks 

No - this is a common misconception 
given that we can't see the other side 
of the Moon from our perspective on 
Earth. However, just because we'te 





@ New Moon 
The start of the lunar 
cycle sees the Moon 





unable to see the farside of our lunar Pomebenvcentne Y Barlialie 
companion, it doesn't meant that it’s Earth and the Sun. As the Moon waxes and 
dark. Looking at the Moon’s phases At this point, the wanes, light falls on both the 
easily disproves this myth. Sun's light is actually nearside and farside of the 

During a full Moon, the side that illuminating the far side. Moon at the same time, so 

; ; we only see a portion of it. 

we can see is fully illuminated and ore : 
the other side really is in complete a 4 
darkness, but at other times of the ae 4 
month, we can only see part of the Rd BS 


Moon. The rest of the light is falling H ‘ 
on the far side. Photographs by the | 

USSR’s Luna 3 show the far side ofthe | 
Moon to be lit up by the Sun. Not only if A 
do these images dispel the myth of ‘, 

the ‘dark side of the Moon’, but they ‘ 

also show that the rock on the far side a wnt 
is actually lighter in colour than the NE 
side that we can see. GL 
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Waxing gibbous — 
| Questions to... @ @spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com — 
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If you squashed the planets togetl 


-how much space would they t 4) 


David Hogan 
If we add up the masses of the planets from : 
Mercury to Neptune, we get a combined — | 
of 2.7 x 10°’ kilograms (6 x 10’ pounds), tl : ; ———. | > 2 
is a 27 (or a 60 for pounds) followed by aa “x +4 - - = 
zeros! That is absolutely huge! Now that we eo Se. Se 
have the mass, we need to know the sy _s ed : ~ | gi a. “ — 
of the material of the planets. Everything ain ~~ — = ~ 
made up of atoms, which contain protons, 
neutrons and electrons. Since the electrons” 
are tiny we will ignore them and say that the 7 
planets are made up of a collection of protons 
hele melcielacevelsmenlelel(e)allemnst-latsi9) 
Nucleonic matter has a very high dens 
but now we can use the combined mass 
of the planets along with the density of 
nucleons to estimate the size that the 
planets would occupy if you took aw 
of the empty space between their ato 
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se 


If all the 
planets 


By dividing the mass of the planets by the ca? ; ini the Sdlar 
density of what they are made of we get a Pa System were 
volume of around 12 cubic kilometres (2.9 a. combined their 
cubic miles), which is about 5 billion times volume would be 
smaller than the size of Mercury! SA about 12km? (2.9mi’) 


® Full Moon 

By the time the Moon has 
completed half of its orbit, it's 
fully visible in the sky. The side 
that we see is facing the Sun 
and the far side is dark. 


Coming full circle @ 
When the Moon completes 
a full orbit around the Earth, 
its entire surface has been 
exposed to the Sun, meaning 
that there is no literal dark side. 


Full Moon 


Last quarter 


www.spaceanswers.com 


TSO Waning crescent —— 


? 5 te 


Einstein's principles of rélativity Lat 
-¢an be used to create scenarios that 
give the illusion of travelling faster 


| sf SPACEEXPLORATION | 


Will time travel ever 
be possible? 


Sara Cesare 

This is a tricky question to answer as 
the definition of time travel can be a 
little fuzzy. The general consensus on 
the subject seems to be that travelling 
back in time is probably impossible, 
due to our understanding of something 
we call entropy. This is a concept that 
is analogous to the ‘order’ of a system. 
Moving forward in time (faster than we 
currently are) is something that is often 
discussed. Using Einstein's principles 
of relativity we can engineer scenarios 
that mean we experience the passage 
of time slower, giving the illusion that 
we have moved forward in time more 
rapidly than usual. JB 












Tidal lock @ 
The Moon is tidally locked to the 
Earth, which means that as it orbits 
it spins to face us, So we only ever 
see the same side. The other side is 
commonly known as the far side. 
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How far have our rovers travelled? 


Sharon Hart famous Moon buggies, on Apollo 15, 16 and 17. and Opportunity is still roving as of January 2016, 
Only ten rovers have landed on other planets but Apollo 17 stayed on the Moon for over three days, lasting 47-times longer than planned and driving the 
they have covered a lot of ground, with two still driving 35 kilometres (21.7 miles) in that time. interplanetary distance record of 42.65 kilometres 
active. The first successful rover was the Soviet After Lunokhod 2, it would be 24 years before (26.5 miles). Likely to catch up with Opportunity, 
Lunokhod 1, which flew to the Moon and soft-landed another rover would land on another planet, this though, is the biggest rover of all - the three- 
in November 1970. It drove over ten kilometres (6.5 time on Mars. NASA's tiny Sojourner bounced down metre (9.8-foot) long, 900-kilogram (1,984-pound), 
miles) during its 322 days of operation - nearly four- in protective airbags in 1997. Although it was only plutonium-powered Curiosity. It’s now been on 
times longer than planned - and held the planetary 11.5 kilograms (25.4 pounds) and travelled just 100 Mars for 3.5 years and is going strong; it has already 
endurance record for over 30 years. metres (328 foot), it was the first rover of the internet travelled over 13 kilometres (eight miles). 

The USSR returned to the Moon with Lunokhod age and paved the way for the next generation. Most recently, China launched its first rover, Yutu 
2 in 1973, racking up 39 kilometres (24.2 miles) in In January 2004, NASA landed twin rovers on (or Jade Rabbit) in 2013, making the first soft landing 
just four months. Between the Lunokhods, NASA Mars; Spirit and Opportunity. They were expected on the Moon in 40 years. In October 2015 Yutu 
launched three astronaut-controlled rovers, the to function for 90 days, but Spirit lasted 2,695 days became the longest lasting rover on the Moon. RH 
Lunokhod 1 ussr 7970 | f 






10.54km (6.5mi) : = Lunokhod is an eight-wheeled rover powered by batteries and 

— ; recharged by solar panels in the lunar day. It carried an X-ray 
spectrometer, X-ray telescope, four TV cameras and systems for 
testing the lunar soil. It was hoped that it would last three lunar days 
(about three Earth months), but it actually survived for 11 lunar days. 
Apollo Lunar Roving Vehicle NASA 1971 and 1972 


Created by aerospace firm Boeing, the LRV is a four-wheeled, battery- 
operated electric buggy for carrying two astronauts (up to 490kg or 1,080Ib 
of payload) on the Moon. The wheels and tyres are made from woven steel 


mesh, and the first LRV to reach the Moon was launched on Apollo 15. 
Lunokhod 2 ussr 1973 







Sojourner | NASA 1997 

-. 100m (328ft) 

€. Sojourner was the first rover to drive on Mars. It had six wheels, weighed 11.5kg 
e € = (24.5lbs), and was powered by solar recharged batteries. It landed on 5 July 

j 1997 by dropping off its parachutes in protective airbags and was expected to 

last for seven days but survived for 83. 


Spirit NASA 2004 






The first of two twin rovers landed in January 2004, Spirit is a solar- 
recharged, battery-operated electric rover weighing 185kg (408Ib), driven by 
six independently powered wheels. It carried out the first grinding of a rock 
on Mars to sample its composition, captured images of Martian dust devils 
spinning across the plains, and even pictured the Earth in the Martian sky. 


7.73km (4.8mi) 


Opportunity NASA 2004 


Curiosity NASA 2012 


Landing on Mars is difficult due to its varied atmosphere. 
NASA used a rocket-powered skycrane to lower the 
huge Curiosity rover onto the surface. It has a wide 
range of experiments onboard and is less vulnerable 

to Martian dust as it is powered by a radioisotope 


Yutu (Jade Rabbit) cnsa 2073 thermoelectric generator (using heat from plutonium). 


40m (131ft) 

During its first lunar day, Yutu travelled 40 metres (131 foot) south of its 
lander, unfortunately becoming immobile during the following night. Although 
it didn't get very far, it continues to send data back to Earth, and is the first 
rover launched by an agency other than NASA or the Soviet Union. 


13km (8mi) 
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The Lunar Roving Vehicles were designed to 
carry two astronauts on the Moon's surface and, 
between the three, drove over 90km (56mi) 


90km (56mi) over three rovers 






39km (24.2mi) > 


Lunokhod 2 made the last soft landing 

on the Moon in 1973 until the Chinese 
Yutu rover was landed in 2013. Although 
it did not last as long as Lunokhod 1, it 
managed to travel much further and held 
the interplanetary distance record right 
up until Opportunity surpassed it in 2014. 
It is believed the mission was ended by a 
build-up of dust causing the electronics to 
overheat. In 1993, Lunokhod 2 was sold to 
computing entrepreneur and later space 
tourist, Richard Garriott for $68,500. 


Opportunity has been the most successful rover to date and the 
first to cover a marathon distance. It landed on the 25 January 
2004, and by chance touched down in an impact crater in its 
target plain, providing extra opportunity for geological study. 
Both Spirit and Opportunity have helped confirm that water 

has played a significant part in Mars’ history. Opportunity also 
observed transits of the Martian moons and helped to create 
the first temperature profiles of the Martian atmosphere. 


Ms The Moon 


Mars Marathon 42.2km (26.2mi) 
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for your favourite finding ~~ 


THE SOLAR SYSTEM'S 
SECRET PLANET 


The hunt is on for the world 
beyond the orbit of Pluto 


‘WORLD'S BIGGEST 
TELESCOPE 


Meet the future instrument that 
will be the biggest eye on the sky 


ROSETTA: THE 
NEXT CHAPTER 


We catch up with the mission's 
project scientist Matt Taylor 


STARTRAMINTO SPACE 

OBSERVE PLANET MERCURY 
MASTER SETTING CIRCLES 
EXCLUSIVE: PHYSICIST MICHIO KAKU 
TALKS TO ALLABOUT SPACE 


© NASA; Hubble; ESA; ESO; Caltech; R. Hurt (PAC) 


Interview Ben Miller 


“It's my belief that 
bacterial life will 

be widespread and 
common, and within 
$ a decade we might 
—— detect that with 
ss our telescopes” 



















Ben Miller | 
Known in the UK as being 
one-half of the comedy 
duo Armstrong and Miller, 
Ben Miller has appeared in 
a number of films and TV 
series, including The Worst 
Week of My Life. He began 
- and abandoned - a PhD in 
physics in favour of comedy 
but his love of science and 
astronomy remains strong. 
Having presented an 
episode of the BBC science 
series Horizon and written 
It's Not Rocket Science, 
Miller now seeks to chart 
and explain humankind's 
search for alien life. | 
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Ben Miller 


Ben Miller on 
the search for 
extraterrestrial 
Intelligence 


Comedian, actor and 
lover of all things 
science, Ben Miller has 
documented the search 
for alien life in a new 
book with optimism for 
the future. Are we really 
alone in the universe? 


Interviewed by David Crookes 


Although you've just written a book about alien 
life, you've got three young children, one of which 
was born just nine months ago. Has that made you 
reassess life in general? 
I think a new baby makes you reassess a lot of things 
in your life, from home furnishings right on up to the 
existence of God. But the reason for writing the book 
- which was started three or four years ago - was to 
continue from where I left off with my first book, It's Not 
Rocket Science 

I found that I was fascinated by biology and the 
extraordinary advances being made in that area, and I 
also kept stumbling across different areas where people 
were talking about alien life and I just thought it would 
be a great thing to bring all of those things together 
in one book and talk about the real science of aliens. 
So my route into The Aliens Are Coming! was sort of 
through that. It's why this book starts where the last one 
leaves off, because I ended the first with a discussion of 
extraterrestrial life. 


www.spaceanswers.com 


You say in your book that, as a boy in the 1970s, 
the hopes of finding life kept diminishing the more 
space was being explored. Was that disappointing 
for you? 

It was a really depressing time. It was beautifully 
summed up by [late astronomer] Carl Sagan in his book, 
Pale Blue Dot: A Vision Of The Human Future In Space 
in 1994: “The Earth is the only world known, so far, to 
harbour life. There is nowhere else, at least in the near 
future, to which our species could migrate.” The 1970s 
Was a golden age for robotic missions and that was an 
extraordinary period: we sent stuff to Venus and all the 
Way out of the Solar System. Amazing. But then things 
just slid. We're actually now entering a golden age for 
telescopes and I think it's amazing what our telescopes 
can do now, just incredible. 


You had started a PhD in physics but you abandoned 
it in favour of a career in comedy. Do you ever regret 
that decision? 
No, no, oh my God, no, It's the best decision I ever made. 
I'd have made a terrible scientist, I can tell you. I would 
not have had the patience or the acumen, no, absolutely 
not. But it’s only through being on the sidelines that my 
admiration for people who do it as a job has deepened. 
We all know scientists are incredibly gifted and really 
work in public service. It’s not for financial reward or 
status or anything else. They are working at it and 
finding amazing stuff. 

I mean, NASA, isn't that the coolest organisation ever? 
If NASA didn't exist, you would have to make it up. It's 
amazing and real and not like Spectre or anything. Some 
of the most intelligent people get together in a special 
organisation with a really cool logo to investigate space! 
That's brilliant. 


Are people surprised when you tell them about your 
interest in science? 

They are, to be honest, but I think that's fine, do you 
know what I mean? You wouldn't think Rod Stewart was 
into train modelling, would you? If things are a hobby, 
then I think it’s okay that it's unexpected, because a 
hobby is usually something completely different to what 
you do for a living anyway. Certainly, in a world of make- 
up, wigs, sequins and garments, to occasionally cover a 
scientific paper is pretty cool. 


Have the recent discoveries made in relation to Pluto 
and the evidence of Planet 9, together with the work 
done by the ESA with comets, been bringing your 
childhood sense of wonder back to you? 

Yes, I just find it all amazing, and anything to do with the 
Solar System is incredible. The Planet 9 stuff is absolutely 
extraordinary and the fact we can still be discovering 
such huge things about our Solar System just shows that 
we don't know the beginnings of it all really. 


Does it provide more scope for the search for life? 
Well, Planet 9 is right out there in the Kuiper Belt, which 
means it’s pretty far out - it’s certainly a long way from 
the Sun. So in the sense of it having life, well you could 
perhaps have tidal heating if it has moons, and that 
would facilitate life, but we don't know enough about it 
and that's what makes the future exciting. 


You make an interesting point at the start of your 
book where you discuss sending messages out 

into space - the likelihood of these messages being 
picked up is pretty low because of all the various 
circumstances that need to be in place for it to 
happen. Why do you think scientists have made the 
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- This alien-looking creature 


from Earth is seen as the best 

candidate for being able to live 
- on another planet. A tardigrade 
iin fe 


can survive absolute zero 
temperatures, the boiling 


__ point of water and radiation. It 


is an extremophile - creatures 
Miller discusses in his book 


sending of messages into space one of the methods 
of searching for alien life? 
I think we just have to do whatever experiments are 
available to us at the time. I don’t think anybody would 
pretend that [sending messages out into space] is the 
most efficient way of finding extraterrestrial life but that's 
all that’s been available, isn't it? It's extraordinary that, 
here on Earth, radio waves are quite an old technology 
and not a technology that we're expected to use much 
longer for interstellar communications. 

Lasers are taking over from radio waves and, who 
knows, in the future gravitational waves may take 
over after that. So it's kind of about what's available to 
us, and the belief that we can look and should look 
for extraterrestrial life. Even with the most optimistic 
estimates for the number of intelligent civilisations out 
there, we are still going to have to search one million 
or 10 million Sun-like Solar Systems before we find a 
civilisation that we can signal to. There will be others out 
there but the timing won't be night. 


Some people claim to have seen 
UFOs but the nearest thing officially 
seen is this UFO-shaped galaxy taken 
via the Hubble Space Telescope 


Do you think we're looking in the right place and 
considering all the right circumstances? Here on 
Earth we are seeing life in the most unexpected of 
locations, aren't we? 

Exactly. Of course, now we know there is running water 
on Mars, that makes all the difference as well. We've 
looked in very dry places, so to look in places where there 
is water is amazing. We still have the Martian meteorite - 
the Allan Hills 84001 meteorite - which, to this armchair 
biologist, looks like it has living things in it, but obviously 
they are very small. However, they still look like living 
things to me. 


Do you believe alien life is out there and that we will 
come into contact with it at some point? 

I do. I don't know if we will come into contact. It's my 
belief that bacterial life will be widespread and common, 
and within a decade we might detect that with our 
telescopes, not directly, but indirectly by analysing the 
atmospheres of nearby planets. That's probably the 


next bit of information we are going to have. There's 
the possibility of finding some kind of bacterial life on 
Enceladus or Europa, but you are looking at 30 or 40 
years from now because, unfortunately, there are no 
planned missions. 

Beyond that, however, there's a chance of finding 
bacterial life on Mars. I can imagine the chances are 
pretty good of finding bacterial life elsewhere in the Solar 
System, and hopefully finding a living atmosphere, if 
you like, where the gasses in the atmosphere are not in 
chemical balance and show that there is some organism 
keeping the ball in the air. In terms of actually managing 
to pick up a signal, that's so unlikely. Civilisations might 
last for thousands of years and overlap but technologies 
don't and that's the problem. 


What about intelligent life? 

Bacterial life is, in the broadest terms, something that 
appears early on and works straight out of the box. 
Complex life only emerges at the end, about half a billion 
years ago here on Earth, and you just think if that is in 
any way representative then that means our kind of life is 
not that common. But there's another worrying fact: we 
wouldn't be here to observe any of this if microbial life 
hadn't got started very early on and we hadn't had those 
billions of years to create complex life. We just can't be 
sure in any way that the Earth is typical. 


Is there this great race between trying to understand 
Earth better and gaining a better grip on what we 
know about the universe? How important is it to 
intrinsically link the two? 

I think they are the same job. That's one of the 
fascinating things. More and more often, science can't 

be broken down into the areas we used to break it down 
into, for example into chemistry, physics and biology. So 
many other things come into play. When you talk about 
the real science of aliens, you have to draw on everything 
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and the humanities as well. You can take that into any 
area like DNA and our attempt to combat hereditary 
diseases and diseases that involve the genome. At some 
level, someone has to be able to describe DNA quantum 
mechanically, don't they? 


Your book makes the clear distinction between the 
scientific search for alien life and the people who 
will talk about their accounts of UFOs... 

I've heard all kinds of stories. There are those which say 
the American intelligence service know of the existence 
of aliens, and that presidents are hiding it and if youre 
high in government or the military then youre privy 

to information that aliens are here, now, on this planet. 
That's a universal thing. You find it in the UFO world 
and in Scientology and it seems to be a persistent myth. 
There is obviously some very deep primal feeling. Some 
of the more bizarre alien abduction stories are quite fun, 
those who are abducted and probed - you hardly need 
to make the case how that speaks to some deep primal, 
psychological trait of humanity. 


What do you think of the UFO stories? 

They fascinate me as much as the science and I'm a 
sucker for a good UFO tale. I think they're great but I just 
don't think they are true in the literal sense. Maybe in a 
metaphorical sense they are. They can make me laugh. 


Do you think that your background in comedy 

is helpful when dealing with a subject like 
extraterrestrial life: does it help you to make the 
science more approachable? 

Perceptions are changing. It used to be that no one was 
interested in science at all. When I did my degree, if I 


mentioned that I was a scientist at a party, people would 
turn and just stop. You might as well have said you had 
soiled your underpants. They would sort of walk away 
and make no pretence of their disgust and now that has 
changed and I don’t know why. Maybe it goes in cycles. 
When I was very small in the 1960s, everyone wanted to 
be a scientist and a spaceman, everyone was interested in 
space travel and science fiction. And it kind of just went 
out. The timing went out but it’s coming back in again. 


Why do you think that is? 

I think the internet helps and the availability of 
scepticism. Technology has really won the argument 
and it may not have set the culture alight but it really 
has provided value that can't be questioned. Most 
importantly, humans are really curious as a species and 
this is what we do. We try and find answers to things. 
We try and find out what's out there and not only do we 
Want to know what's out there in terms of what does the 
nearest planet look like, can we go there and can we live 
there, but we want to find out what we don't know. You 
can't suppress that forever. You can't keep a lid on it. It’s 
What people want and need. 


Would you like to go into space? 
Yes, I mean sure, why not. Is that 
like saying, do you want to date 
Miss World. Yes, why not? 


*The Aliens Ate Coming! The 
Exciting And Extraordinary 
Science Behind Our Search For 
Life In The Universe by Ben Miller 
is out now in paperback. 


Ben Miller 





Mars Express orbiter aims to find liquid water on the 
Red Planet, which could be trapped underground, 
maintained by temperature and pressure 





The Allen Telescope Array is one of the methods used 
to hunt for alien life by the SETI Institute 


The past few decades have seen countless 
space missions and crucial advances in our 


“~S understanding of space and space travel 
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\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


What's in the skye 
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In this issue... 
What's in the sky? Tracking This month's naked Deep sky challenge Me & My 
Comets, conjunctions anda total Jupiter's moons eye targets March skies and the hope of Telescope 
solar eclipse are the highlights == Watch the movement of Io, Early spring skies are warmer nights offer great sights | We showcase the best of your 
for astronomers this month Europa, Callisto and Ganymede resplendent for the naked eye § inthe “Realm ofthe Galaxies" —_ astrophotography images 
This month's planets Moon tour Image the total The Northern Telescope and 
Jupiter hits opposition this A favourable libration sees the solar eclipse Hemisphere kit reviews 
month, while Mars and Saturn _— elusive Mare Humboltianum as Howto safely photographthe ~The spring constellations are The Meade LightBridge 
make a predawn appearance an intriguing.target total solar eclipseon 9 March ~—_ teeming with spectacular sights Mini 114 is put to the test 
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Moon and the planets 

is determined with 
reference to the Sun. A 
planet is in conjunction 
with the Sun when it 

and Earth are aligned on 
opposite sides of the Sun. 


east and west directions. 
It is measured in hours, 
minutes and seconds 
since, as Earth rotates 
on its axis, we see 
different parts of the sky 
throughout the night. 


Sun, you need to be 

careful, especially if using 

a telescope or other optical = 
aid. Unless properly 
filtered, even a glimpse 

of the Sun through any - 
optics, including a camera 

lens, can permanently 


| Declination (Dec) 
damage your eyesight. 


Declination tells you how 
high an object will rise 
in the sky. Like Earth's 
latitude, declination 
measures north and 
south. It is measured 
in degrees, arcminutes 
and arcseconds. There 
are 60 arcseconds in 
an arcminute and 60 
arcminutes in a degree. 


Opposition 

When a celestial body is 

in line with the Earth and 

3 | Sun. During opposition, 
an object is visible for 

the whole night, rising 

at sunset and setting 

at sunrise. At this point 

in its orbit, the celestial 

object is closest to Earth, 

making it appear bigger 

and brighter. 
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Greatest elongation 
When the inner 

planets, Mercury and 
Venus, are at their 


Magnitude 

An object's magnitude 
tells you how bright it 
will appear from Earth. In 


Total solar 
eclipse visible 


from Indonesia 
and Pacific 
Ocean, partially 
visible in South 
and East Asia 
and northern 
and eastern 
Australia 


Comet 
C/2014 W2 
(PANSTARRS) 
reaches 
perihelion in 
Cepheus 


astronomy, magnitudes 
are represented ona 
numbered scale. The 
lower the number, the 
brighter the object will 
be. So, an object with 

a magnitude of -1 is 
brighter than one with a 


maximum distance 
from the Sun. During 
greatest elongation, 

the inner planets can 
be observed as evening 
Stars at greatest eastern 
elongations and as 
morning stars during 


magnitude of +2. western elongations. 


Conjunction 
between the 
Moon and 
Jupiter in Leo 





<®> Naked eye 
e;0 Binoculars 


Conjunction 
between the 
Moon and 
Saturn 


“} Small telescope 


-* Medium telescope 


“ Large telescope 
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Planet positions Allrise and set times are given in GMT 


Date 


| Mar O07 


Mar 14 
Mar 21 
Mar 28 
Apr 04 


_ Mar O07 


Mar 14 
Mar 21 
Mar 28 
Apr 04 


Mar O7 
Mar 14 
Mar 21 
Mar 28 


| Apr 04 


Mar O7 
Mar 14 
Mar 21 

Mar 28 
Apr 04 


Mar O7 
Mar 14 
Mar 21 
Mar 28 
Apr 04 


RA 


22h 20m 41s 
23h 06m 37s 
23h 54m 29s 
OOh 44m 35s 
O1h 35m 34s 


21h 42m 48s 
22h 16m 33s 
22h 49m 31s 
23h 21m 54s 
23h53m 51s 


15h 52m 50s 
16h 02m 44s 
16h 11m 22s 
16h 18m 31s 
16h 23m 53s 


11h19m 09s 
11h 15m 47s 
11h 12m 30s 
11h 09m 25s 
11h 06m 37s 


16h 59m 31s 

17h OOm 16s 
17h 0Om 39s 
17h 0Om 42s 
17h 00m 24s 


Dec 

-12° 39' 11" 
-07°59' 05" 
-02° 21 00" 
+04° 02' 04" 
+10° 33' 39" 


14° 40' 32” 
11°54' 21" 

-08° 52' 21" 
-05° 38' 34” 
-02°17' 03" 


-18° 56' 13" 
-19° 30' 05" 
-19° 59° 31" 
-20° 24°55" 
-20° 46' 42" 


+05°59' 45" 
+06° 21° 23" 
+06° 42' 05" 
+07° OT 08" 
+Q7° 17°59" 


-20° 58'58" 
-20°59' 13" 
-20° 58'58" 
-20° 58'14" 
-20° 57' 03" 


Constellation Mag 


Aquarius 
Aquarius 
Pisces 
Pisces 
Pisces 


Capricornus 
Aquarius 
Aquarius 
Aquarius 
Pisces 


Libra 
Scorpius 
Scorpius 
Scorpius 
Ophiuchus 


Leo 
Leo 
Leo 
Leo 
Leo 


Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 


-1.7 
-1.9 
2.2 
“20 
-2.6 


-4.0 
-4.0 
-4.0 
-4.0 
-3.9 


-0.3 
-0.4 
-0.6 
-0.8 
-1.0 


“2.9 
2.5 
2 
-2.4 
“LA 


1.0 
1.0 
1.0 
1.0 
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Rise 
06:20 
06:13 
06:05 
06:55 
06:44 


05:53 
05:44 
05:33 
06:22 
06:09 


00:29 
00:15 
23:56 
00:42 
00:22 


17:41 
17:08 
16:35 
17:03 
16:31 


01:49 
01:22 
00:55 
O1:27 
00:59 
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16:17 

17:00 
17:49 
19:43 
20:41 


15:28 
15:49 
16:10 
17:32 
17:53 


09:14 

08:52 
08:30 
09:07 
08:43 


06:53 
06:24 
05:55 
06:26 
05:57 


10:07 
09:40 
09:13 
09:46 
09:18 





This month's planets 


The king of the Solar System hits opposition this month, while Mars and 








Jupiter —. 


Right Ascension: 11h 18m 20s 
Declination: +06° 04’ \ 
Constellation: Leo 


-» | Magnitude: -2:5 


JD)insveluloyermeye)ejan 


Bootes 


MN 


S) 


Having been visible since the late 
autumn of 2015, Jupiter finally reaches 
opposition on 8 March. As the name 
suggests, opposition sees the planet 
located directly opposite the Sun in 
Earth's skies. All the planets located 
beyond Earth's orbit go through 
opposition, and at such times the planet 
in question is near its closest point to 
Earth and observing circumstances are 
therefore most favourable. 

Located in southeastern Leo, Jupiter 
shines at a pretty impressive magnitude 
-2.5 and is clearly visible as a bright 
white beacon throughout the entire 
night. Rising in the east at around 
5.30pm, the planet becomes easily 
visible above the eastern horizon with 
the unaided eye at around 7.30pm 
when the dusk skies have sufficiently 
darkened. Jupiter continues to rise, 
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.coma-Berenices 


‘ Crater | 
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00:00 GMT on 8 March 


reaching its highest altitude above the 
southern horizon at midnight, some 44 
degrees high. 

Jupiter remains visible throughout 
the early morning, and finally fades 
to naked-eye visibility when it lies 
above the western horizon while the 
dawn skies are brightening by around 
5.30am. This means that at opposition, 
the giant planet can be observed for 
nearly ten hours in one stretch. This 
amounts to almost an entire rotation of 
Jupiter on its own axis, so that almost 
every feature of the planet will appear 
to drift across the planet's central 
meridian (the imaginary line joining 
both poles that runs centrally across 
the planet's disc) in a single evening. 

Since Jupiter has gradually been 
making its way southward along the 
ecliptic since 2014, this will be the most 


favourable apparition of the planet as 
seen from UK skies until 2023, so make 
the most of it! 

Jupiter, a vast gas giant and by 
far the Solar System's biggest planet, 
displays an incredibly dynamic 
atmosphere. Its main dusky cloud belts 
and bright zones, running parallel to 
the planet's equator, can easily be seen 
through quite small telescopes. Larger 
instruments at high magnification 
will reveal substantial detail in and 
around these belts and zones - a range 
of features will be visible including 
festoons, dark and bright spots, as well 
as the famous Great Red Spot, a long- 
lived Earth-sized anticyclone located 
on the southern edge of the South 
Equatorial Belt. 

Subtle colours - browns, tans, reds 
and blues - within Jupiter's clouds and 
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Canis yg 
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SW 





belts can begin to be glimpsed through 
instruments of 200mm aperture 

and larger. While the Great Red Spot 
used to be very large and obviously 
red (prominent even through a small 
telescope), it is currently a shadow of 
its former self, being neither very large 
or conspicuously red - it’s more a pale 
pinkish hue, although well-defined and 
fairly easy to make out. On the evening 
of opposition - 8 March - the GRS 
crosses the planet's central meridian a 
few minutes before midnight. 

By 4 April, Jupiter rises at 3.30pm, 
three hours before sunset; it first 
becomes visible in darkening twilight 
Skies high above the southeastern 
horizon at 730pm, and transits the 
meridian after 1Opm. The planet sets in 
the southwest before 5am, some time 
before sunrise. 
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Right Ascension: 22h 16m 
Declination: -11° 54’ 
Constellation: Aquarius 
Magnitude: -4.1 
Direction: South East 





ever-closer to the Sun and can just about 
be glimpsed in early March, as it sinks 
into the morning twilight and lies very 
low above the southeastern horizon. On 
15 March, a telescopic view of Venus will 
show a gibbous (93 per cent illuminated) 
disc, some 11 arcseconds across. . 


Magnitude: +1.0 
Direction: South East 


Although Venus is a morning object, On 7 March, Saturn ri 


located west of the Sun, it is heading 
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Declination: -20° 59" 
Constellation: Ophiuchus 


before 2am and transits the southern 
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s Mercury 

ts, Right Ascension: 22h 59m 56s 
Seeeee Declination: -08° 42' 48" 

Constellation: Aquarius 

Magnitude: -1.9 

Uranus 

Right Ascension: 01h 09m 50s 

Declination: +06° 45' 54" 

Constellation: Pisces 

Magnitude: +5.9 

== Neptune 

| Right Ascension: 22h 48m 28s 

3 Declination: -08° 38' 27" 

Constellation: Aquarius 

Magnitude: -+8.0 

With superior conjunction taking place on 

23 March, Mercury lies so close to the Sun 

that it's unobservable between 7 March 

and 4 April, despite its brilliance. Observers 

will also struggle to observe Uranus and 

Neptune as they are close to the horizon 

and extremely faint in the morning sky. 
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horizon at an altitude of 17 degrees before 
6am. The ringed planet continues to pull 
west of the Sun and by 4 April it rises at 
midnight and transits the meridian just 
after 4am. Shining at magnitude +1.0, 
Saturn presents a globe 17 arcseconds 
across; its ring system is wide open. 
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Right Ascension: 15h 52m 50s 
Declination: -18° 56’ 13” 


| Constellation: Libra 


Magnitude: -0.3 
Direction: South East 


On 7 March, Mars rises in the southeast at 12.20am. Shining 
at magnitude +0.1, the planet is northwest of the “Tail of 
Scorpius’. Although its altitude is low, it's quite a prominent 
object, a ruddy ember that makes a good comparison with the 


| star Antares (the ‘rival of Mars’, magnitude +1.0) in Scorpius, 11 


degrees southwest. A telescope with 100x magnification will 
reveal the 9.2-arcsecond diameter of the Martian disc, at this 
time displaying a noticeable gibbous (90 per cent illuminated) 
phase. The planet continues to grow in apparent size, while 
its phase slowly increases. A 150mm telescope with 150x plus 
magnification will show considerable detail, including the 
dusky V-shaped Syrtis Major, Mare Sirenum, as well as the 


_ bright Hellas region and the brilliant white north polar ice cap. 
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How to... 


Track Jupiter's moons 


You'll need: 


V Binoculars or 
telescope 


V Graph paper 
V Jupiter's moons chart 
V Appropriate software 





Jupiter, the largest planet in our Solar 
System, has four moons which orbit 
around their host and were discovered 
by the famous Italian astronomer, 
Galileo Galilei. They are named after 
the Greek gods Callisto, Europa, 
Ganymede and Io. Even though the 
huge planet which they orbit dwarfs 
the four moons, they are still visible to 
us here on Earth using binoculars and 
even better, a telescope. 

Although it is not possible to 
make out any features on the moons 
themselves using modest amateur 
equipment, they shine brightly enough 
to been seen easily in the simplest of 
optical instruments. We know from 
the information sent back to Earth by 
the numerous space probes that have 
ventured out to the system, that each 
moon has its own characteristics. For 
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example, Io, which orbits nearest to 
the planet, has volcanoes of sulphur 
created by the squeezing effect of the 
huge gravitational forces of Jupiter 
on the little world. Also, Europa may 
possess vast oceans of liquid water 


under huge sheets of surface ice. There 


is, however, still plenty to observe for 
the humble amateur, as these four 
satellites go about their daily business 
of orbiting Jupiter. 

The positions of these moons can 
be followed on an almost hourly basis 
and the motion can be seen night 
by night. Identifying each moon can 
be tricky, so that’s where up-to-the- 
minute information is useful, either 
in the form of a chart or other graphic 
that labels their position. The internet 
is, of course, a useful resource, and 
there are many sites which will supply 


good information to help you. There 
are also smartphone apps, which are 
equally helpful and portable, too. 
Even more interesting are the 
events known as transits and 
occultations. This is where the moons 
either pass in front of, or behind, the 
disc of Jupiter, or even occasionally 
each other. It is also possible to 
witness the shadows cast by the 
moons as they move across the 
surface of the planet, an event known 
as a Shadow transit. You may even 
catch the moon in transit as well as its 
shadow. Occultations are interesting, 
too, as the moons disappear and 
then pop out from behind Jupiter a 
short while later. There are plenty 
of fascinating events to observe on 
and around this beautiful planet this 
month. Don't miss the fun! @ 


© Science Photo Library 


Use the internet 

There are lots of websites and apps 
which will show you the nightly 
positions of Jupiter's moons. 


Binoculars are a must! 

7x50 or 10x50 binoculars are all you 
need to watch the nightly dance of 
the moons around the huge planet. 


A scope will offer steady views 
A small telescope will easily show the 
moons of Jupiter, and a low to medium 
magnification works well. 


Mobile apps are useful 
Download one of the many apps for 
your smartphone or tablet to have 
the positions of the moons on the go. 
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Capturing the moons of Jupiter 


Observe fascinating events such as occultations and transits 









You can watch the positions of Jupiter’s moons they pass behind Jupiter. You'll need to increase 

change night by night through simple binoculars, the magnification to observe the moon transits and 

and 7x50 or 10x50 are recommended for this. A shadow transits well. 80x to 120x magnification, : 

small telescope, however, will allow you to get in depending on the size of your scope and the Send YOur photos to 

on the action and watch the moons transiting the atmospheric conditions, is best. You may get lucky photos@sp aceanswers.com 
disc of the planet and being occulted by it when and see a transit across Jupiter's Great Red Spot! 








To be consistent in your viewing, choose a similar time every night to view 
Europa, lo, Ganymede and Callisto. 


Check out websites such as www.shallowsky.com/jupiter or equivalent sites 
for up-to-the-minute information on the positions of the Galilean moons. 


y Observe the moons at the same time every night 


| Use a website to assist with tracking 





Put Jupiter in the field of view of a scope with at least a small-sized aperture. On a piece of graph paper draw a vertical line to represent the position of 
Using website data, you should be able to identify the moons that are visible. Jupiter. Plot the positions of the moons and add dates and times each night. 


Identify the moons with a telescope or binoculars ; Draw a graph 





© 
Repeat for at least a week Join up the moons 
To get an accurate graph, you will need to plot the positions of the moons for Connect up each moon with its own line. If done correctly, you should see a 
at least a week. Tracking for a month is even better! wave pattern take shape and curling around Jupiter. 
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This month we turn to the very edge 
of the Moon and take a look at one 

of the most elusive lunar seas visible 
from Earth - Mare Humboldtianum. 
Located on the Moon's northeastern 
limb, Mare Humboldtianum is a dark 
patch of lava some 270 kilometres (170 
miles) across on the lunar nearside, 
whose eastern edge just touches the 
90 degrees east line of longitude. 

Since the Moon rotates once on 
its axis in precisely the same time 
as it takes to revolve around Earth 
(keeping the same face turned towards 
us), it might be thought that Mare 
Humboldtianum should always be on 
view whenever it is illuminated by the 
Sun. But this isn't the case, owing to a 
phenomenon known as libration. 

Libration produces an apparent 
slow rocking motion of the Moon, a 
phenomenon that allows a total of 59 
per cent of the Moon's surface to be 
seen over time, while the remaining 41 
per cent of the Moon - the true farside 
- is perpetually hidden from our gaze. 
Libration has a number of causes, 
but the main effect is caused by the 
Moon's elliptical orbit around Earth 
combined with the steady rotation 
of the Moon on its axis each lunar 
month. Libration can bring features on 
the mean farside into our telescopic 
sights, and it can also work the other 
way, pushing features that are near 
the mean lunar limb out of sight - the 
latter applies to Mare Humboldtianum. 

Under an unfavourable libration 
(where the Moon's southwestern limb 
is well-seen), Mare Humboldtianum 
is shunted onto and beyond the 
northeastern limb, rendering it 
virtually unobservable. However, a 
favourable libration (combined with 
a favourable illumination) brings the 
Moon's northeastern limb regions 
into view, and Mare Humboldtianum 
is pretty easy to spot, even through 
binoculars. The latter circumstance 
takes place in early March, so it’s a 
great opportunity to take a look at 
one of the Moon's smaller and lesser- 
known seas. 

First, a little historical perspective. 
Mare Humboldtianum is a dark patch 
of lava (270 kilometres or 170 miles 
across) that fills the central regions of 
a much larger ancient impact basin 
(around 650 kilometres or 404 miles 
across) whose eastern reaches extend 
well onto the Moon's true farside. 

The basin-forming impact took place 
around 3.8 billion years ago. 
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Later impacts have scarred 
Humboldtianum, with light coloured 
ejecta from local impact craters and 
the huge 200-kilometre (124-mile) 
wide crater, Belkovich that intrudes 
upon Mare Humboldtianum’s 
northeast flank, straddling the mean 
lunar nearsides and farsides. 

The feature was named Mare 
Humboldtianum in 1837 by German 
astronomer and selenographer Johann 
Madler (1794-1874) in honour of his 
compatriot, the naturalist and explorer 
Alexander von Humboldt (1769-1859). 
Obviously, Humboldt's explorations 
of unfamiliar terrestrial continents in 
the late 18th and early 19th centuries 
formed a symbolic analogy to Madler's 
own lunar surveys, and therefore 
Mare Humboldtianum represented 
a physical link between the known 
and (then) unknown hemispheres of 


the Moon. Viewed from above, Mare 
Humboldtianum appears as a broad 
crescent, and it was first pictured from 
space by the Soviet probe Luna 3 back 
in October 1959. 

A favourable libration of the Moon's 
northeastern limb between 11 and 20 
March (the Moon's age from 3 to 13 
days in its waxing phases) enables 
Mare Humboldtianum to be seen very 
well. The best evenings to spot the 
Mare are between 13 and 18 March, 
with the most favourable viewing 
on 14 March, when libration is at its 
maximum for the feature. Binoculars 
will easily realise it as a dark patch near 
the northeastern (upper right) edge of 
the Moon, and a telescopic view will 
show considerable detail, although it 
is illuminated by a relatively high Sun 
and no shadows will be cast by any of 
its relief features. @ 


Moon tour ‘\V4re Mumboldtianum 


> SPI NMeveticl cd ilociuemmrelcocmisiceelitsiye 
lunar sea an intriguing target this month 


You should observe this 
lunar sea during the libration 
of the Moon's northeastern 
limb between 11 and 20 
March. A Moon filter will 
improve contrast, toning 
down any glare that often 
washes out intricate features. 
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Early spring skies are resplendent for 
naked eye and binocular observers 





The Sickle Asterism 
Marking the head and 

mane of Leo the Lion, the 
Sickle Asterism (an easily 
recognisable pattern of 
stars) looks like.a backward : . — : , 
question mark in the sky. ’ on . @@ * 



















Regulus 
At the bottom of the 

| | ' Sickle Asterism isa _ 
Denebola very bright star. This is 
The star that marks the Regulus, meaning ‘little 
tail of the Lion, Denebola a ‘ : king’ and it is one of the 
is thought to vary slightly brightest stars in the sky. 
in brightness over the 
period of a few hours - in 
other words, it pulsates. 


ca | , Sextans 
| | ) One of the most sparse 
® FJ ale atee) ai-js) (a0 (elbt 


. constellations in the entire 
Vi rgo night sky; Sextans the» 
| ® Sextant represents anold _ 
astronomical instrument and 
consists of only two stars. 









Alphard 
Meaning ‘the solitary one’, 
‘this star stands out in 

an otherwise seemingly 

_ barren part of the sky. It is 
located in the constellation 
of Hydra the Watersnake. 





7 _ Crater - 
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Camera 


Tripod 
Telescope (optional) 
Solar filter 





Total solar eclipses are among the 
most breathtaking sights in nature and 
it is quite reasonable to want to record 
the spectacle. But how do you image 
one safely and what if you're only able 
to see the partial phases? 

First of all, you'll need to know if 
the full eclipse will be visible from 
your location. This will only be if 
you'e under the path of totality in 
Sumatra, Borneo or Sulawesi, or are 
lucky enough to be onboard a ship in 
the Pacific. Even if youTe not, you'll 
still be able to see and photograph 
the partial eclipse from points up to 
several hundreds of kilometres, or 
miles, either side of the track. 

But it is important to remember 
that, wherever you are, the Sun is still 
very dangerous to view through any 
optical aid, including a camera lens, 
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mage the total ¥ 


So)rimaaliaxs 


The Moon will fully eclipse the Sun on 


CR Wel@ameleemisllmesmulsielcnace nel 
Sumatra and Indonesia. 
Here's how to shoot it safely... 


so you must take adequate precautions 
to preserve your eyesight! 

Proper filters must be used right 
up to the moment of totality, when 
you can dispense with them for the 
few precious moments that the main 
eclipse is in progress. Of course, filters 
must be refitted if you continue to 
view and image the partial phases 
after totality. 

If you're using your camera with a 
telescope, you'll need a filter that fits 
over the front of the telescope. These 
can be sourced from good equipment 
dealers, who can offer advice about 
which type to use with your scope. If 
youTe using just an ordinary camera 
lens, this too must be fitted with a 
suitable filter. Astrosolar safety film 
works well and, again, is obtainable 
from telescope dealers worldwide. 


In small compact cameras, the Sun 
will appear quite small, so zooming 
in will help to show the disc and the 
partial phases much more clearly. You 
will almost certainly need a tripod to 
hold it steady, so as not to get blurred 
images. This is even more important if 
you have a DSLR camera and a zoom 
or telephoto lens. 

If you're onboard a ship, the moving 
deck will be more challenging to 
image from, and so hand-held cameras 
may be better. In this case, use less 
magnification to help minimise the 
blurring. Exposure times will only 
need to be short, which will help. Take 
lots of images to increase your chances 
of getting some good ones, but don't 
spend all the time looking at a screen 
or through a viewfinder. Make sure 
you enjoy the eclipse! @ 









“a 


Allow plenty of time to set up your 
camera before the eclipse. 


Be sure that you have the right filters 
for your camera and any other optics 
you may be using. 


If you're using a telescope and a camera, 
take some test shots the day before. 


Ensure your tripod is light and easy to 
use but sturdy enough for any journey. 


Be sure to take a Spare memory card 
or two as well as a spare battery! 
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Image the total solar eclipse 
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Shooting a total solar eclipse 


Keep safe when imaging one of nature's breathtaking spectacles 





It’s easy in the excitement to forget to fit a solar filter, okay though, take lots of shots and vary exposure 

so check everything is as it should be before you use times a little between shots. You'll need to do this | 

any equipment. Check filters for damage, too. If in anyway as the eclipse nears totality, as light levels Send YOuI photos to 

doubt, don't! There will be lots of other people taking will drop dramatically - don't forget your safety. Put photos@spaceanswers.com 
pictures, so just enjoy the eclipse. If everything is filters back on to the optics as soon as totality is over. 





=— > = 


Find an ideal destination Attach an essential solar filter 
Know where your'e going to observe the eclipse Fit your protective filter to your camera or 
from and have an idea of how long it will last. telescope before pointing it at the Sun. 


If you're using a telescope, cap off the 
finderscope. Make sure your telescope is 
focused and steady. on its mount. 


3 Cap your finderscope 





Know where to aim Get into focus Use a short exposure 
A You'll need to keep track of the Sun to get a 5 Check the focus of your camera regularly. It will Exposure times will only need to be short. 
good shot of the eclipse. Use the shadow of make the difference between an average picture Take lots of photographs with varying 
your camera to help to safely locate it. and a great one. exposures up to and including maximum eclipse. 
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March sees the constellations of 
spring gracing our skies with a 
selection of must-see galaxies 


Leo the Lion is probably one of the more easily 
recognised constellations and it rides high in the 
south during March. It is a very ancient constellation 
that was known to the ancient Greeks and many 
others. It contains a welter of deep-sky objects, of 
which some are easier to see than others. 

Due to its position in space during the Northern 
Hemisphere spring, during the night the Earth looks 
out into extragalactic space - in other words, away 
from the objects in our own galaxy, which certainly 
are very far away. 

Instead, we look out towards galaxies many 
hundreds of light years away from ours, probably 
with solar systems and nebulae and other objects 
much like our own. Although they often only appear 
as faint smudges of light, it can be very rewarding to 
see the light from these hugely distant objects with 
your own eyes. 

With the brighter and nearer deep-sky objects it 
is possible to see some structure - depending on the 
capabilities of your telescope. Here are a few of the 
best and most interesting of the objects found in the 
‘Realm of the Galaxies’ 
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Deep sky challenge 


The Leo Triplet and the 
Realm of the Galaxies 





O6 









The Leo Triplet: NGC 3628 (left), M65 
(vo) op ated nla m-lerem@iy (elon (nrejuceyonmatsd nly) 


Messier 95 
Here is an interesting barred spiral galaxy. It 


has a ring-shaped centre and a supernova was 
discovered within it in March 2012. 


Messier 96 
Resting fairly close to M95 but appearing 


slightly fainter, this shows up in a 10" 
telescope as a halo with a bright core. 


Messier 105 
This is an elliptical galaxy containing a 


supermassive black hole. It has a low surface 
brightness and can be quite challenging to see. 


NGC 3489 : |g ’ 
Another galaxy with a low surface brightness. 


This one looks like a faint oval patch with a 


brighter core and it lies 35 million light years away! 


The Leo Triplet , 
Three galaxies for the price of one! This famous , 


group is easily seen even in a small telescope. It 
consists of M65, M66 and NGC 3628. 


Star Cluster NGC 3593 
A challenging object for small telescopes, but 


visible in larger ones, this is a faint lenticular 
(lens-shaped) galaxy close to the Leo Triplet. 








www.spaceanswers.com 


weal, SND OL ‘VSVN ‘2I9qNH ‘VS ‘WVOe8eUO ‘LSATWNI ‘OSH © 


a 
aS”, 
as 
ie 
U 
9) 
wp 
o 
YU 
= 


& 


Messier 96 
Messier 95 
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The Northern 
Hemiuspnere 


The spring constellations are teeming 
with galaxies for deep sky enthusiasts 


y 


Throughout March, observers can enjoy shines at magnitude +5.9, and its 
spring's galaxies, many of which are +6.5-magnitude neighbour, M92, will 
circumpolar. You will have to be quick to not set until around 5am GMT. 
observe the galaxies in the constellation of For binocular users, the bright star 
Andromeda, as they start to head towards system Capella in the constellation 
the horizon, but those found in Virgo of Auriga, as well as double stars 

and Ursa Major are ideal targets for small Mizar and Alcor in the handle of the 
telescopes. Fans of globular star clusters Plough are good targets this month. 
are in for a treat this month as the Great Remember, use this map under red 
Globular Cluster in Hercules (M13), which light to preserve your night vision. 








This chart is for use at 1Opm (GMT) 
mid-month and is set for 52° latitude. 


sv 


ol » Hold the chart above your 
*® head with the bottom of the 
page in front of you. 


( ® Face south and notice 
“= that north on the chart 
is behind you. 


3 » The constellations on the chart 
== should now match what you 
see in the sky. _ 








Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
[RO hon Ro 
[Rom (oA 0) 
2.0 to 2.5 
2.5 to 3.0 
CROR Kon Ro) 
3.5 to 4.0 





Open star clusters 
Globular star clusters 


Bright diffuse nebulae 


4.0 to 4.5 | 
Pont Planetary nebulae Observer's note: 
ainter The night sky as it appears 
Variable star Galaxies on the 16 March at 
: approximately 10pm (GMT). 
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Me & My ‘Telescope 


Send your astrophotography images to ick 

James Parker 
photos@spaceanswers.com for a chance Northampton nines 
to see them featured in All About Space dpb 


“My first astrophotography shot of 2016 
was of the Great Orion Nebula. I am 
very proud to have managed to capture 
a lot of detail, teasing out some lovely : 
emissions. I have included diffraction NS ,/ 
spikes on the stars in my images to make them stand 
out further. Last year, I captured the International Space 
Station using just my iPhone as well as a planetary 
conjunction - a visually fantastic sight, which I imaged 
and processed to show the clarity of ec 


















The International Space Station (ISS) 











The Great Orion Nebula (M42) | Venus, Mars and Jupiter 


‘dancing’ around the Moon 
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Jellyfish Nebula 
(IC 443) 


= Ss » .. Las Cruces, New Mexico 
7 ; ae Sa Telescope: Takahashi 
— ee eee | FS-60C refractor 
: 3 ere “IT have a long love of 
, gee Re t = astronomy, which began - 
Bae Gf me when I was ten years old,,. i 
2S eee and I have observed the '— ‘| 
eS ieee a “a night sky-and its objects.for many years 
’ ; . es with binoculars and a,telescope. I did my © 
; first “real” astrophotography in 1996, when . 
I used a35mm SLR (film) camera to take 
photographs of Comet Hyakutake. I took a 
~ tripod out into the’ desert, here in-Las Cruces, - 
and experimented with different exposures. 
Later, I bought a 10” Dobsonian telescope for : 
~_ observing the night sky, and:within a week I 
_. was taking picturés through the eyepiece for 
fun. And within a few more weeks, I knew I 
‘wanited to’ get serious with astroimaging.” , 















| : ; | 7" = 
rs bese Pelican Nebula (IC so) % te 3 : 


Bob Ford aS ae 


Wiltshire, UK | ~ 

















/. 





a Telescope: an 
“oe 5 Sky-Watcher » 
es ‘ Evostar 80ED , 4 . 
“5 _ "Tm very pleased” , 
te i f = 
* with my image of ; =a . 
=. the Rosette Nebula — 


in the constellation of Monoceros. 


(Caldwell 49), which can be found i X-, 
This photograph was taken fromthe po 


* self-built observatory in my back » ) ad 
garden. In order to get the stunning . 
colours, I used H-alpha, OIII and SII «7 






filters and processed my images in 
the astroimaging software AstroArt5, 
as well as Adobe Photoshop.” ~ 


. 
- 


= 


. <2 & . ) Send your photos to... “_) @spaceanswers @ photos@spaceanswers.com 
Rosette Nebula (Caldwell 49) _ we —— : — a a - 


. 4 5 \ 
—— - 
ee 
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Meade LightBridge Mini 114 


Ideal for those looking to get into astronomy, t 
a worthy purchase for those on a budget 


It's said that you should avoid purchasing 
a cheap telescope, however, this certainly 
shouldn't be applied to the Meade 
LightBridge Mini - the “baby” version 

of the Meade LightBridge. It might be 
small, but - overall - this telescope is a 
worthy purchase for those looking to get 
into astronomy. If you have children that 
have been pestering you for a scope for 
some time, but you are worried about 
their interest in the night sky being a fad, 
then the LightBridge Mini is worth a look 
since it won't create much of a dent in 
your bank balance. We would go as far as 
saying that this latest edition to the Meade 
Instruments range could be used as a 


Telescope 
advice 


Cost: £185 / $149 

From: Hama Products Ltd 
Type: Newtonian reflector 
Aperture: 4.5" 

Focal length: 177" 


Best for... 


- Beginners 


© 


Small budget 


Planetary viewing 


Lunar viewing 


©C®09 


© Bright deep-sky objects fo | The LightBridge Mini 
jy a? features 9mm and 
in’ ' 26mm eyepieces 





Combining the eyepieces 
and 4.5” aperture, the 
tabletop Dobsonian 
provides magnifications 
of 50x and 17x, making 

it ideal for viewing the 
planets and lunar surface 





companion to a pre-existing telescope, 
and if you are someone who is keen 

to get a “grab-and-go" scope then this 
instrument could be the one for you. As 
well as the 114mm, Meade also offers the 
LightBridge Mini with a smaller aperture 
of 82mm and a larger of 130mm. 

On first impressions, and even before 
you open the box, you know straight 
away that this telescope is massively 
portable. Keen to examine the Meade 
LightBridge Mini's build, we opened the 
box and were impressed even further 
- for the price, the exterior is exquisite, 
giving an edge over other tabletop 
reflectors in the same price range. There 


“For the telescope's low price, 
the eyepieces are of very 
good build quality” 












is portable reflector is 


are no cheap, plastic lenses and the tube 
and mount are finished to a very good 
quality. What's more, the scope comes 
already assembled and ready to tour the 
heavens within a few minutes - certainly 
something that beginners will see as a 
massive advantage. 

Many tabletop telescopes on the 
market only come with a single eyepiece, 
however, Meade Instruments have gone 
that extra mile by supplying a 9mm 
and a 26mm, to provide magnifications 
of 50x and 17x. For the telescope's low 
price, the eyepieces are of very good build 
quality. The Meade LightBridge Mini also 
features a red dot finder and a 1.25-inch 
Rack and Pinion focuser - everything 
youd expect on a scope that's geared 
towards the beginner. 

Since it is a tabletop scope, the 
LightBridge Mini is best used on a sturdy 
table - if you use it in a similar way toa 
“conventional” telescope, then youre very 
likely to get uncomfortable very quickly. 
Placing the telescope onto our garden 
furniture under a predawn sky, we put 
the scope’s optics to the test. We enjoyed 
the smoothness of the telescope's 
“turntable” base, which can be swivelled 
a full 360 degrees. A waning crescent 
Moon with 28 per cent illumination was 
our first target of choice before the Sun 
dominated the sky. It is at this time in the 
Moon's cycle that the beautiful surface 
features can be identified as the sunlight 
meets the dark along the terminator. 

Turning the telescope towards our 
target, with the ‘higher power’ 9mm 
eyepiece slotted into place, we gently 
turned the Rack and Pinion focuser to 
bring the lunar surface into focus. The 
branded knobs are of fair quality given 
the telescope's price and there is just 
about enough “stiffness” to slowly bring a 
target of interest into sharper view. 

For those not familiar with using a 
Rack and Pinion focuser, you may find 
using one can take a degree of practice, 
the LightBridge Mini's in particular took 
a bit of fiddling around with as it jumps 
from one focused view to another. 
Impressively, the scope didn't vibrate as 
much as we expected as we turned the 
focusing knob and, once we had the left 
side of the Moon's northern hemisphere 
in our sights, we were blown away by 
the view that the 4.5-inch aperture was 
able to pick up. We were able to obtain 
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a very good view of the lunar 

sea Oceanus Procellarium and the 

crater Aristarchus, as well as the rugged 

lunar surface along the terminator. Views 

through the LightBridge Mini provided 

a good degree of clarity and contrast 

that's sure to delight fans of our nearest 

companion. With the gas giant Jupiter 

heading towards opposition and shining 

at magnitude -2.4, we quickly turned the 

LightBridge Mini towards its brilliance in 

the constellation of Leo in the South West, 

giving us the chance to try out the red 

dot finder - a feature of the telescope that 

did the desired job of finding our chosen 

object with ease. At a magnification 

of 50x, the king of the Solar System 

appeared as a brilliant bright disc with 

three of its moons - Jo, Europa and Callisto 

- visible as clear points of light. With 

the Sun's light brightening the sky, we 

Waited until the evening to continue our 

observations with the LightBridge Mini. The telescope tube 
Keen to view the Orion Nebula (M42), is attached to an alt- 


we slewed the LightBridge Mini to the L| G Hj j iS | | azimuth mount with a 
, | ! ) Vixen-style dovetail 
| KY 





bright star-forming region smoothly and 

with ease. Through the field of view, the \ A | il A 
nebula was unmistakable, taking the form WM N | 1S 
of a white, fuzzy patch of light with some 

members of the Trapezium star cluster 


visible. We even made out very slight - ze 

detailing of the Andromeda Galaxy (M31) 

mid-evening and with averted vision - a The LightBridge Mini is 
delightful experience. Star clusters such very portable, making it 
as Pleiades (M45) in the constellation ideal for all of the family 
of Taurus are impressive through the to tour the night sky 


LightBridge Mini at both magnifications, 
revealing the ever-so-slight nebulosity of 
the Merope Nebula (NGC 1435). 

Ideal for those just starting out in 
astronomy, the Meade LightBridge Mini 
is an excellent beginner's telescope that’s 
also suitable for those looking for a fuss- 
free instrument to compliment their 
existing telescope. For the price, Meade 
has supplied an impressive package that 
certainly delivers. @ 
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: FRIENDLY IN te: & WIDE WAV Le] fe) 5 PRODUCTS: 
YOUR ONE STOP SHOP FOR OPTICAL GOODS 


+ Optical & Radio Telescopes, Astro Photography, 
(Silo) OF= HIN) Ol =101 | £O){10] ©)/Fal>]] ALOLOLU] [©] FEN) O10) NII AIC INTOLO) OLN y 
Microscopes, Scientific Models & Books and much more 


FORNAX MOUNTS: CONVENIENT MODULAR DESIGN 


Use it with MC3 controller or add Hydra for wired / wireless control! 
I N@{@ Me] 0X0) Uli m=) a eele(=1 (mre) Mmerelan) ©)(=11- Ke) ele) (Ome) O\-10 1110) a(e] MIU] alerlle) ary: 
me) sale) @anlellalimene]|(0]0)(- mre) aro/0 om 10.0 ream Fo l@ 400 ol oleh (olelole 


Call 020 33 845 187 between Yam — 80m 7 days a week. 


www .3s6oastronomy.com 


To advertise in 


Contact us on 


01202 586442 


adinfo@imagine-publishing.co.uk 


Astronomy Binoculars 


BBatsicomomaleltaliaremiLcom (en alare mer-)(=t-) tt-] me) 0) (-Yea ts = 
dalgeletelaur- Mm er-||qmeymt-lae(-m-]el-ladela-me)laleleie|(-le-m 

Objects take on a.3D effect and the views of well- 
known nebulae and star clusters are more engaging. 


> eo BT81S-A 


a ielameUr-liinmomnanlanm-(erslceleat-1 Mm tat-1! 

fo =}IAV{=) adr e] aYC- t=] Med (=y-] arc) B) 

views of star clusters and | i _ 
nebulae. Light, portable and \ } yixer 7 hey at Night \ 


Fe WecliF-le)(-MNU lia mr- Ii (e(-Mey ale) (or \. | peviewED IN | 
. . ole 
of eyepieces and accessories. comarara a 


Prices from just £799. | 
For more information visit www.vixenoptics.co.uk 


S)0n Observation 
Entry level fully multi-coated 70mm : 
aaree(=) (om ol-]ar-ce mice) mmial-Mile-imtiaa(- me) @ .) 
foferer-E-\(e)al-]MUcy-) am cere). diale ice) ar-m ey- || mre) 
Fel ae[=meo)e)(-veat\!(-m o)| avelel0|(-|e-mce)m-it- lame l-P4lale| 
as well as long range terrestrial viewing. 
Supplied in soft carry case with 5 yr guarantee. ~ 
11x70 £99, 15x70 £99 


are) mm anvola-Minlielaaarciilea mii Mm Away me) elileige)ameremel ¢ 


For more information and stockists of Vixen and Opticron 
astronomy products please call 01582 726522 quoting 
reference AAS49. 

Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, Luton, LU4 8EF 


Tring 


Tel: 01442 822997 
paronerey enquiries@tringastro.co.uk 


Reta, Erescope 0 Offers 
i, ices From el SF a 


Night Vision Offers 
From £129 


Check out our website for lates! special aftars 
Showroom open 5 days a week - Free.on site parking 


A VAVALTIINe ike mee meL¢ 


Unitl5 The Old Silk Mill, Brook St, Tring, Herts HP23 5EF 
facebook:com/tringastro @Tring_Astro 
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T8000 20-60x 

From: Optical Hardware Ltd 

Cost: £349.99 (approx. $506) 

Featuring a multicoated, high-resolution 

20-60x80 zoom eyepiece, along with 

BAK4 prisms for exquisite, crisp and 

clear views of bright night-sky objects, 

the T800 is ideal for those just breaking 

into astronomy. This spotting scope 

is suitable for those who enjoy gazing 

upon the cratered surface of our lunar 

companion, as well as bright planets and 

star clusters. Manufactured with a fully 
waterproof and fog-resistant design, 


From: Optical Hardware Ltd 

Cost: £59.99 (approx. $87) 

An incredibly useful piece of kit for 
an astrophotographer who prefers 
to use their smartphone to image 
the night sky over a digital camera 
or CCD. This adapter is easy to use, 
enabling you to slot an iPhone or 
Android into its adjustable prongs. It 
provides a sturdy setup, allowing a 
great degree of freedom to image a 


variety of night-sky targets. 


the T800's rugged build promises \ 
to last for years of observations. 


sKep occu lamysldememeetleleonemyalarennercemelil 
you have to do is answer this question: 


Whaat is a nebula? 

A: A cloud of gas and dust 
B: The name of a galaxy 

C: A type of planet .* 


” Olivon ED eyepieces and case 

From: Optical Hardware Ltd 

Oo] tp e101 ON 6-10) 0) K0), Gano PAO) 

Ideal for use with the Olivon T800 spotting scope, the 1.25-inch 
Olivon ED eyepieces (5mm, 12mm and 18mm) allow for excellent 
views of a selection of night-sky targets. This range of eyepieces is 
suitable for a wide range of telescopes and will provide you with 
pleasing views of planetary targets and deep-sky objects. 


altos onl ihale at: spaceanswers.com/ competitions Visit the website for full terms and conditions 
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Astronomy 
kit reviewS 


Stargazing gear, accessories and books 
for astronomers and space fans alike 
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Star Rover Version 5.0 

Cost: £1.49 / $1.99 

From: iTunes & Google Play 

Star Rover allows you to see the constellations and planets 
on any given night and from any given location in the world. 
The interface is beautifully designed, featuring a dark star- 
studded night sky that can be divided up into both day and 
night with the help of a grid. 

While Star Rover has a lot going for it in terms of design, 
its functionality is not as brilliant and you will need a lot of 
patience to use it. For one, the sky on Star Rover has stars 
that have been accentuated. In reality, these stars are too 
faint to see clearly with the naked eye. If you are in an area 
with even the smallest degree of light pollution, you may find 
this astronomy app fairly useless. Not only that, but there is 
next to no instructions on how to use it, meaning that users 
who are beginners to astronomy and looking for night sky 
guidance are going to find themselves put off fairly quickly. 





} Adaptor 
Olivon hone 
Camera ptor 
Cost: £59.99 (approx. $90) 
From: Optical Hardware Ltd 
It might not be much to look at, but the Olivon 
smartphone camera adaptor is an incredibly useful 
piece of kit for astrophotographers who prefer to use 
their smartphone to image the night sky. After slotting 
an iPhone into the adjustable ‘prongs’ and attaching 

it securely to the end of a telescope, we were pleased 
to find that the entire setup was very sturdy, while 
enabling a degree of movement to allow the user to 
Shoot in a landscape or portrait orientation. We imaged 
the lunar surface using this device and were pleased 
with the results as it picked out a few craters and lunar 
mare. Images were crisp and clear due to the devices 
stability, whereas holding your phone up to the eyepiece 
with just your hands can be unsteady and cause a 
degree of shaking and image blur. This adaptor is 
certainly worth the price to go hands-free! 
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Astronomy kit reviews 


Virtual Planetarium 

Cost: $39.95 (approx. £28) 

From: Name A Star Live 

Virtual Planetarium is a software ideal for budding astronomers 
who are keen to find their way around the night sky while 
learning more about our solar neighbourhood, often through 
the medium of movies. The software is versatile and compatible 
with both PCs and Macs, and includes interactive sky maps and 
a large library of imagery and information on the Solar System, 
as well as the most recent information on astronomical events. 

In particular, we enjoyed the unique Space Weather 
programme, which allows the user to explore forecasts of the 
aurora and solar flares from our nearest star. Movies of the 
Aurora Borealis, along with animations that show how and why 
this phenomena occurs, are also included, as well as a pair of 
good quality 3D glasses, which allowed us to see the three- 
dimensional images on the disc. 

We took advantage of a clear evening in February to see how 
the integrated ‘Sky Tonight’ star charts fared. Loading the star 
maps, which have a very basic design, we could use it to find 
constellations in the night sky with ease after hitting ‘Play’. The 
sky chart scrolled automatically across the map on our screen 
to give us an overview of the night sky that was available 
to observe above us at the time. We were also able to find 
planets and deep-sky objects without too much trouble, which 
we followed up with, using a telescope. Virtual Planetarium, 
overall, is an adequate planetarium for the budding astronomer. 
However, given that its graphics are quite basic, the software 
does take up a surprisingly large amount of storage. 


ics | Into The Black 
, ' Cost: £18.99 / $29.99 
From: Bantam Press 

Into The Black is an absorbing read that unfolds the 
challenging maiden flight of Space Shuttle Columbia on 12 
April 1981, which - at the time - was the most advanced 

flying machine ever built. Chronicling the courage of NASA 
astronaut and moonwalker John Young and pilot Bob Crippen, 
Into The Black had us gripped, making it near-impossible to 
put down. Reading from one chapter to the next, it’s clear 

just how much research and detail author Rowland White 

has put into this fast-paced account of the high risks that 
came with the test flight. White's prose is superb, leaving us 
on the edge of our seat when Columbia begins to experience 
difficulties not long into its flight, as tiles designed to protect 
the shuttle from blowtorch burn, brought about by re-entry, 
were realised to be missing, leaving both men and mission 
control questioning whether Columbia would be able to 

make it safely back to Earth. Thorough research has allowed 
White to link declassified files and interviews, giving us an 
authentic insight behind the scenes of NASA‘s earlier years. 

If you thought that you knew everything about the very first 
test flight of, what would become, one of NASA's most iconic 
spacecraft, then you would be wrong - White's work has seen 
7 to that, as he effortlessly re-tells the story of Space Shuttle 
Se y Columbia in a new and compelling light. Available to buy 
— from 10 March, Into The Black is sure to be one of the best 
a spaceflight books to hit the shelves this year. 
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James D Wetherbee 


Logging more than 1,592 hours in space 
throughout his career, meet the only US 


astronaut to command five spacetlights 


Most people who meet James D 
Wetherbee cannot help but look up 

to him and it's not just because - at 
1.93 metres (6.3 feet) - he was the 
tallest astronaut to fly to space. With a 
glittering NASA CV spanning 21 years, 
Wetherbee's career reached some 
very lofty heights: he would not only 
fly six missions but command five of 
them, logging more than 1,592 hours 
in space. 

Born on 27 November 1952, 
Wetherbee graduated with a Bachelor 
of Science degree in Aerospace 
Engineering from the University of 
Notre Dame in 1974. He received his 
commission in the United States Navy 
the following year and he became 
a naval aviator in 1976, eventually 
logging more than 7,000 hours 
flying time. His success prompted his 
selection by NASA in May 1984, and 
he became an astronaut in June 1985. 

Wetherbee's first flight came 
five years later when he piloted 
the Space Shuttle Columbia for 
the STS-32 mission, aimed at 
deploying the Syncom IV-F5 defence 
communications satellite and 
retrieving NASA's Long Duration 
Exposure Facility, which had been 
stranded in orbit for six years after the 
Challenger accident of 1986. 

Wetherbee's mission was filmed 
with an IMAX camera, allowing 
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footage to be included in the Canadian 
IMAX documentary, Destiny In Space, 
but it wasn't his only brush with the 
magic of cinema. 

In October 1992, Wetherbee 
commanded his first mission 
when he launched an Italian laser 
geodynamic satellite on STS-52. He 
Was accompanied on his flight by the 
ashes of Gene Roddenberry, creator 
of American sci-fi franchise Star Trek, 
who had died one year prior to the 
launch. Another IMAX camera was 
part of the payload of his second 
commanded mission, STS-63, which 
used the Space Shuttle Discovery in 
1995 and was notable for being the 
first joint-flight of the new Russian- 
American Space Programme. 

Wetherbee assumed the role 
of deputy director of the Johnson 
Space Center in 1995 and it would be 
another two-and-a-half years before he 
commanded his third mission, STS- 
86, again to the Russian-owned Mir 
space station. Part of the mission was 
to exchange the crewmembers Mike 
Foale and David Wolf and so continue 
a permanent American presence on 
Mir. STS-63 and STS-86 were the 
longest flights to stay docked. 

Having become director of the 
Flight Crew Operations Directorate in 
2000, he then embarked on his fourth 
mission as a commander (and his fifth 
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spaceflight) when — exactly 15 years 
ago, in 2001 — he visited the ISS once 
again, taking supplies to the station 
using the Multi-Purpose Logistics 
Module for the first time. The mission 
also included the first crew exchange. 

Piloted by James M Kelly and 
with mission specialists Andrew S W 
Thomas and Paul W Richards onboard, 
the idea was to take Expedition 2 
astronauts Yury V Usachev, James S 
Voss and Susan J Helms to the ISS 
and bring back Expedition 1's William 
M Shepherd, Yuri P Gidzenko and 
Sergei K Krikalev. Around five tons 
of experiments and equipment were 
unloaded from the Multi-Purpose 
Logistics Module to the ISS and a ton 
of items were returned to Earth. 

Discovery and the ISS were docked 
for eight days, 21 hours and 54 
minutes — the longest of any space 
mission. But it still wasn't enough for 
Wetherbee. He returned to the ISS in 
2002 for STS-113 onboard Endeavour. 
The mission lasted 13 days, 18 hours 
and 47 minutes and returned the 
Expedition 5 crew while delivering 
Expedition 6 and the P1 Truss 
segment that extended the backbone 
of the ISS. 

It was to be his last mission. He 
retired from NASA in 2005, but 
became technical assistant to the 
director of JSC’s Safety and Mission 
Assurance Directorate, and formed 
a company called Escape Trajectory 
before starting work as a safety auditor 
with BP - becoming a consultant for 
leaders in hazardous environments in 
2014. Wetherbee also joined an elite 
group of American space heroes when 
he was inducted into the US Astronaut 
Hall of Fame on 2 May 2009. @ 
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Astronomy Centres 


LOW PRICES 


we'll match itd genuine web price! 
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Visionary 
Good optics and excellent value for money. 
Classic styling with rubber armour. 


3” starter telescope 
complete with finderscope, 
table base and eyepeces 


















Visionary 


Visionary 


Good optics and excellent value for money. 
Classic styling with rubber armour. 


Kepler 


A strong and sturdy binocular - excellent value. 
Great tool for viewing the night sky at a great price. 


Ostara 
BAK 4 prisms, fully multi coated, waterproof 
and nitrogen filled. 


80mm objective refracting telescope 
Sets up in minutes and really easy to 


use, This is @ great starter elescope 
yet has all the features 10 grow with p 
your hobby. 
a, 
thes 


Visionary 


45° onerror reflecting tetescope with 
full astronomical equatonal mount, 

takes just a short tine to set vip and 
use. Great for the beginner wishing 
to learn all the basics.of astronomy 


Olivon 


Great quality IF focus system binoculars. Rubber 
armoured, waterproof, BAK4 optics, shock resistant. 


) Visionary 
Eyepieces & Accessories 


6 minor reflecting ifiescope 






















EYEPIECES/ACCESSORIES = Octara Crystal moon filter 1.257.000... £3.99 | : ioctl oer dnchnere ct wreeichig 

Piossi Smm: (1.25")..... £14.99 Ostara Crystal moon filter 2°... £19.99 | Extending Prime Hac pa om tare sei "2 mil in a 

Ploss! 1Omem (1.25").....--£14.99 Ostara O-11 1 filter 1.25" cccccesssssss ik 49.99 3pe Carer sins ' le wath full size tapod and 

Plossl {Smo (1.25").___.£14.99 Oseara O-H1 1 filter 2" cscsssscssoana £59.99 | | Samers aaaptor EQ? mount. side finder scope ' 
Ploss! 20mm (1/257) E1499) Fee Sachin harlow... £34.99 | | 2dapter eae . and two eyepieces 

Pioss! 25mm (1.25") .—-E17.99 Qetara 3x achro Barlow sesso £39.99 pheuceranliy 

Pioss! S0mm (1-29 J omnis NFFF Cgtara 45 degree 1.257 seececsrrmmrnb lh. 99 ime pe 
Supe: Wide ag (i fn 5° 039 ss Ostara 90 degree 1257 oi. £29.99 , 
eee ee ee 7 Ostara 45 degree 2° £99.99 

Super Wide angle 20mm (125°) £4499. Octare 90 decree 2” oceoeeenec 699.99 eeeeery 

FF Simm . 25")... £49.99 | Seer th sates = is 

FF tino (125°)... £49.99 “HTT. oa Hialainel op bi f bing did ihe ei 

FRE Sr (128) csscccetscsc £4999 EYESH IELDS Fit comfortably around the eres blocking out BAKA a a ve i erated dani 

FF 27mm (1.25") £4999 all @istracong bight and wind, enveloping the cyes in total darknets and Long eve “ehel ubber armour body 


SWA 32mm (2”). 79.99 Eyeshield Single for scopes and astro eyepieces £14.99 
SWA 38mm (2°) £79.39 Eyeshield pair for compact binoculars £19.99 
Eyeshield pair for larger binoculars £19.99 


HD 8x42 ......€69.99 
HD 8x56 ...... £99.99 
HD 7=50.....479.99 
HL 10x50. 679.99 
| HD |2x60...£89.99 
HO) |5x/0,...£99.99 
HD 20x80 £149.99 
HD 20x80T £249.99 


Tahiti Le felt MIE 


Many more filters and accessories 


We stock TZ mounts in stock, great prices! 


HUGE RANGE 
of eyepieces and 
accessories 


@ iearview Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736. 
PORES www.clearviewbinoculars.co.uK catiers very welcome, please check website for opening times 


- i f inde  specahst 
utletcouk www.binocularoutlet.co.uk a ip Ta 


information please visit 


Bir eal ar Binocular Outlet: 01162 430 967, Check our website and visit us at shows and events throughout the UK: = The Far-Sighted binocular campany 


Objective Optics / D & E Hughes: Tel: 01758 613 291, 24 Penlan Street, Pwllheli, Gwynedd LL53 SDE — wyywfar-sighted.co.uk 
www.objectiveoptics.co.uk 


Offers are subject to availability and 


J M Optics: Denby Dale Road, Durkar, Wakefield. Tel 01924 763056 E: info@jmoptics.co.uk OS ree cee 


and specications are subject to 
Callers ' = o> re: hy, call n ' ; 
Callers very welcome - by appointment only, call to arrange your visit hange without notice 


ARMY ‘The Army Surplus Store: 01297 23867, High Street, Totnes, Devon, TQ9 SNN_ 
SURPLUS STORE www.thearmysurplusstoré.co.uk 
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high resolution, comfortable and an incredibly stable image. Features include large 
eyepiece lenses for very comfortable, long eye relief viewing. 
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All surfaces are fully multicoated further enhancing brightness and clarity. Optical 
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V EA RQ Available in a choice of magnifications 
GUARANTEE 7X50 | 8x45 | 10x50 | 12x50 


' PTI fees Se Ostara binoculars are manufactured and distributed by Optical Hardware Ltd. 
BFA I For more information and to find your nearest stockists, please visit www.opticalhardware.co.uk/stockists 


HARDWARE All offers are subject to availability, prices and specifications are subject to change without notice. E&O.E. Your statutory rights are not affected. 





